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PREDICTING THE PERFORMANCE OF BAND 7
. COMMUNICATION SYSTEMS
~ USING ELECTRONIC COMPUTERS

. by
. Donald L, Lucas and George W, Haydon

ABSTRACT

Radio system parameters are combined with
geophysical and ionospheric ¢characteristics to pres-
dict the performance of high frequency sky=wave
communication circuits through the use of electronic.
computérs. A program is presented to compute
Maximum Usable Frequencies, Optimum Traffic

mode of propagation, angle of arrival, circuit
reliability, system loss, available signal-to-noise
and field strength, Numerical representation is
used for all parameters not expressed in closed
mathematical form.

I. INTRODUCTION
i Long distance high frequency radio systems are subject to
marked variations in performance, most of which are directly related
to changes in the ionosphere. Changes in the ionosphere result in
variations in the maximum frequency which will be returned back to
earth, in the strength of the radio waves due to increased absorption,

in optimum vertical angles of wave arrival and departure, and in the

background noise level as atmospheric radio noise is propagated from

great distances. Effective operation of long distance high frequency
radio systems increases in proportion to the ability to predict variations

| in circuit performance and thereby optimize frequency selection, antenna

\
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choice and other circuit parameters to capitalize on anticipated ionos-
pheric conditions. It is the purpose of this report to present a current
computer routine which has been developed to combine the more pre-
dictable ionospheric characteristics with circuit parameters to calculate.
the expected performance of high frequency sky-wave radio systems,
Basic ionospheric characteristics which are considered predictable
enough to be useful are:

(1) The monthly median of the ordinary ray vertical incident
critical frequencies of the F2 layer (foF2).

(2) The monthly median of the factors relating the vertical
path (M-3000 factor).

(3) The monthly median minimum virtual height of the F2 layer.

The following ionospheric characteristics are derived in the

(1) The E-layer critical frequency as a function of solar activity
and angle of the sun.

(2) Ionospheric absorption as a function of operating frequency,
gyro frequency, solar activity, angle of the sun, and vertical angle of
departure.

(3) Factors relating the E-layer critical frequencies at different
departure angles.

(4) Factors relating F-layer critical frequencies at different
departure angles,

The following geophysical data are utilized:

(1) E-region gyro frequency.

(2) F-region gyro frequency.

(3) Geomagnetic latitudes,

(4) World-wide distribution of land and sea.




(5)
seasonal,

(6)

(7

dependence.

World-wide distribution of atmospheric noise including

diurnal and frequency variations.

Cosmic noise inc¢luding frequency dependeénce.

Man-made noise in the receiving area including frequency

The following circuit data are needed:

(1)
(2)
(3)
(4)
(5)
(6)

Transmitter location.

Receiver location.

Transmitter power.

Transmitting antenna (physical dimensions and orientation).

Type of traffic (modulation, type of intelligence, speed of

transmission, required quality).

The above data are combined to determine the following perfor -

mance characteristics of the circuit:

(1)
(2)
(3)
(4)
(5)
ratio.

(6)

The Maximum Usable Frequency (MUF),

The Optimum Traffic Frequency (FOT).

System loss (ratio of power received to power transmitted).
Field strength at the receiver.

Monthly median of hourly median available signal-to-noise

Circuit reliability (per cent of days the hourly median signal-

to-noise ratio can be expected to equal or exceed a given value).

(7)

The Lowest Useful Frequency (LUF), the frequency below

which the circuit reliability is expected to be less than 90%.

In addition to the above circuit performance characteristics, the

following other circuit characteristics are determined:

(1)
(2)

The short great circle distance.

Bearing of the transmitter at the receiver.
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(4) Propagation path having the lowest system loss, e.g., 2 hops
via F layer = 2F,

(5) Vertical reception angle associated with the best propagation .
path,

The solution of the problem is divided into two parts: (1) an
estimation of the available sighal, and (2) an estimation of the required
signal, The available signal depends upon:

(1) The transmitter power.

(2) The transmitter antenna gain,

(3) Loss due to spreading of the radio energy as it propagates
to greater distance.

(4) Losses in the ionosphere due to absorption.

(5) Losses at each ground reflection.

(6) The gain of the receiving antenna.

The required signal depends upon:

(2) The man-made noise at the receiver location,

(3) Cosmic noise.

(4) The required signal-to-noise ratio depending upon type and
quality of service desired.

The most basic calculation in the estimation of available signal
power is the system loss calculation, The ionospheric, geophysical
-and, circuit characteristics are combined to estimate a quasi-minimum
system loss (the minimum loss expected on any day of the month at the

hour for which the calculations are made)., The distribution of losses

ar
above the quasi-minimum have been empirically determined and are a

function of geographic location and time of day. These statistical

distributions are used to account for the numerous other factors which




contribute to variations between predicted signal levels and those ob-
between the signal and the antenna, focusing by the ionosphere, defo-
cusing by the earth, variations between theoretical and actual antenna
performance and day to day variations in ionospheric layer heights,

Basic F2-layer data for long term predictions are numerical
maps of the F2 region as determined from world-wide observations
using 1954 as typical of a low solar activity period and 1958 as typical
of a high solar activity period. In addition to 1954 and 1958, F2 data
from other periods of high and low solar activity have been incorporated
in the March, June; September and December predictions, since these
geasonal extremes are often used in long term planning.

Numerical maps of the F2 layer for monthly predictions will be
a part of the "lonospheric Predictions'' CRPL Series D issued by the
Central Radio Propagation Laboratory starting with the January 1963
issue.

Sporadic E and Fl-layer predictions are considered in this report,
only insofar as propagation by these modes enter into the empirically

determined signal distributions.
II. PROGRAM DESCRIPTION

The computer routine is based on established manual methods
and assumes a working knowledge of these methods [ Laitinen, 1949],
[Haydon, 1962], [ NBS Circular No. 462], along with a familiarity of
Fortran II computer language [ McCracken, 1962].

The computer method described is designed for any (32K IBM- '
7090 class) computer with the necessary compiler and tape units, The

Fortran II computer language assures flexibility and ease of modification

1
[
H
I
|
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as better knowledge of the various parametérs becomes available., The
program provides the communicator with a completely general method
for predicting the performance of any sky-wave high frequency radio
system. The system performance calculations may be performed for
any month of the year, and any degree of solar activity for any hour of
the day. Numerical mapping is included for those parameters not
evaluated directly by the closed mathematical expressions ( Section IX),
The program is desighed to be used with either a "long-term"
prediction data tape which utilizes coefficients foF2 and M=3000 factors
representing periods for high and low solar extremes, or a ''short-term"
data tape which utilizes monthly coefficients issued by CRPL approx-

imately three months in advance.

The Maximum Usable Frequency and Optimum Traffic Frequency
are based on F2-region numerical mappifig of ionospheric character-
istics recently developed by CRPL [ Jones and Gallet, 1961}, and a
semi-empirical relationship between the sun's zenith angle and solar
activity for the regular E region [ Haydon, 1962]). Conventional pre-
diction methods [ NBS Circular No. 462] using control points along the
great circle 2000 kilometers from each terminal for the F2 layer, and
control points 1000 kilometers from each terminal for the regular E
layer are used for paths greater than 4000 kilometers. The midpoint
of the path is considered as the control point for both E and F layer on
paths less than 4000 km.,

Since the basic data for the predictions are monthly median values,

predictions for specific days within the month are not available,
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2. System Loss

1. System loss computations are based on ray-path theory with
path limitations based on ray-path geometry between a spherical earth
and a concentric ionosphere. Limitations fall into two categories,
arrival angle and penetration frequency, and the probable paths for a
given circuit at a given hour and frequency are chosen on the basis of

penetration frequency of the E region rises to a value which will support
the operating frequency. In this last case, E region transmission is
geometrically possible. Multiple hop transmission for a given circuit
routine also includes the case where some hops of a given path are
supported by the E region and other hops supported by the F2 region.

Three F2-region paths, two E-region paths, and one E«F2-region
path are inspected for a given circuit at a given hour for a given fre=
quency. The path that is geometrically possible with the least theo-
retical loss is assumed to be the most useful mode with a loss typical
for the circuit, The total field is not included in this routine,

2. Layer heights used for the F2 region are minimum vertical
heights averaged for a given month. E-layer height is assumed to be
110 km. The average height of the absorbing region is assumed to be
100 km.

3. Ionospheric layer heights at the reflection points are averaged

in calculation of the vertical radiation angle (A) and the angle of incidence

at the ionosphere (¢'). Unequal take-off angles in multi-hop cases are

not included.
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4, Absorption in the lower regions is represented by a semi-
empirical relationship involving the angle of incidence at the ionosphere,
the gyro frequency in the absorbing region, the zenith angle of the sua,
solar activity, and the operating frequency.

5, Estimation of the ground reflection losses is evaluated for
either land or sea reflections. Shore line and mixed paths are not
included and random polarization of the downcoming waves is assumed.,

6. Convergence and divergence of the ionospheric waves are
included in the routine only in the empirical determined system loss
distributions.

7. Theoretical vertical and horizontal reflection coefficients
are evaluated for the ground losses and the antenna patterns.

8. Receiving antenna response (gain) is assumed to be equal to

the antenna gain of an identical antenna used as a transmitting antenna.

All gains are relative to an isotropic in free space.

The complete computer routine contains a subroutine for three
general types of antennas.

a. Terminated rhombics at any height above the terrain, any
leg length and tilt angle. Poor earth (0 = .001 mhos/ meter; e = 4) is
assumed as the terrain, but any ground conductivity and dielectric
constant could be used, Off-azimuth radiation may be computed for
the rhombics.

b, Horizontal balf-wave dipoles for any height above finite earth,

c. Vertical ship antennas for constant length elements or for
multiples of any wave lengths not less than ,02 A\, Practical efficiencies
of grounded verticals less than one-quarter wave length are computed

and included in the antenna gain.
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9. Signal distribution is assumed to vary with geomagnetic
latitude and length of the circuit and quasi-minimum losses are
adjusted to median losses in terms of these empirical distributions
[Haydon, 1962].

10. Off-great=circle transmissions are not included in these
calculations.

th Option

3. Field Streng

The field strength option is computed similar to the system loss,

then mathematically related to the system loss (Section IX).
4. Radio Noise

The CCIR world-wide maps of atmospheric noise are used as
representative of the distribution of noise [ CCIR Report No. 65).

Man-made noise estimates are based upon the type of receiving
area [Haydon, 1962]. Measured values of man-made noise are also
acceptable.

Galactic noise at the receiver site [ CCIR Report No. 65] is
estimated by a least squares polynomial in frequency. The highest of
the three noise types is assumed to predominate and the total noise
field is not estimated. All noise values are expressed in db relative
to 1 watt for a one-cycle bandwidth., The 1 Mc/ s atmospheric noise
above KTB is adjusted to a 1 ¢/ s band relative to one watt by least

squares polynomial representation of the seasonal maps [ Lucas and
Harper, 1962],

3. Available Signal-To-Noise

The monthly median of the hourly median available signal is
compared with the average noise in a four-hour time block at the
receiver site, This gives an estimate of the monthly median of hourly

median total signal power relative to noise in a one-cycle band,




The required signalsto-noise depends upon the service required,
e.g., error rate in teletype, intelligibility of voice, etc. A basic
signalsto-noise requirement based upon a steady static signal and
random noise adjusted for signal fading degradation, diversity improvee-
ment, etc., determines the required signal-to=noise.

7. Reliability

Reliability is estimated at discrete frequency bands by calculating
the ratio of the available monthly median signal-to-noise of Paragraph
5 to the required hourly median signal-to-noise of Paragraph 6. Using
the above parameter and the operating frequency, theoretical reliability
is obtained for a given circuit of a given length and geomagnetic latitude

8. Lowest Useful Frequency

The Lowest Useful Frequency is calculated by stepping through
the HF band until a reliability of 90% or more is obtained, then stepping
down in small increments of frequency until a frequency is found that
has (within the tolerance of the frequency increment) 90% reliability.

This frequency is the classical 90% LUF,
III. PROGRAM USE

The IBM-7090 Fortran II listing is shown in Section VIIL. The
cards corresponding to these listings with the associated control cards
necessary for the specific monitor being used are all that is necessary
to compile the program. A pictorial view of a sample deck ready to
run under the IBM-7090 monitor is shown in Figure 17. System sub-

routines used in the program are as follows:
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Sine SINF (x) (radians)

Are¢ sine ASINF (x) (-1 =x =1)
Cosine COSF (x) (radians)

Are¢ cosine ACOSF (x) (=1 E2x 1)
Absolute value ABSF (x) (floating)
Absolute value XABSF (x) (fixed)

Arc¢ tangent ATANF (x) (- @ = x
Square root SQRTF (x) (0 = x = o)

Subroutine Call

< ) |

© ® Nk W =

Transfer of sign SIGNF (x,y) (arg 1, arg 2) f
Logarithm (Base 10) LOGIOF (x) < x =) '
Natural logarithm LOGF (x) (0 x £ o)
12, Integer function INTF (x) (-0 € x =

[ —
_— O
L] .

8

)‘

The entire program including common variables and system
subroutines occupies approximately 24000 decimal locations.

Routines included in the program with a brief description of their
function are:

MUFLUF -- (2550 decimal locations)

This is the main program. It calculates the Maximum Usable
Frequencies, Optimum Traffic Frequencies, and other parameters
needed not only in the calculation of these critical frequencies but also
in one or more subroutines,

LUFFY -- (3857 decimal locations)

This subroutine is larger and more complex than MUFLUF, but f
is a subprogram because the option is asked for in MUFLUF, This -
routine calculates the systems performance of a given circuit, i.e.,
system loss, reliability, signal-to-noise and field strength. The sub-
programs that follow are used by LUFFY to perfoim a specific task

needed in the system performance calculations,

W,
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POLY == (107 decimal locations)
This subroutine is called upon to evaluate all parameters that
are represented by Nth degree polynomials of the power series in X.

Example:

Y

, 0 1 n\,0
_ . X + A. .3 T s e 0 '7A . ] &
(A'O,Ox +A0.1x + + O;lflx /Z

+<A1.Ox .+A1"71x + ..a+A1.ﬁnx /Z

+iii

=
=
3

#{A Mxo‘+’A( .x1+;..a§-A/ x®Vz
m,0 m,l

LOSS -= (214 decimal locations)

This subroutine evaluates the ground reflection losses as a
function of the reflection angle and operating frequency over finite
earth. Random polarization is assumed in the calculations as the
vertical and horizontal reflection coefficients are assumed to contri-
buté equally in the polarization effects of the loss.

This routine is unique in that complex arithmetic is absent in
the calculations of these reflection losses [ Phillips, 1961].

GAIN -- (684 decimal locations)

This routine calculates theoretical power gains of horizontal
rhombics in three dimensions, horizontal dipoles, and practical
grounded vertical radiators, all over finite earth. Practical lower
limits of gain have been set as -10 db relative to an isotropic in free
space,

CI -- (411 decimal locations)

This function subroutine evaluates the sine and cosine integral
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X
8i (x) = S 8in v dv

v

J
%

Ci (x) = g‘ cos v dv
) v

when called for by the loss and gain routines.

NOISY == (215 decimal locations)

This routine calculates the world-wide distribution of atmospheric
noise and major land bodies which are represented by Fourier
coefficients.

The evaluation is made at a given longitude and latitude of the
receiving location or ground reflection point.

CURVY == (1462 decimal locations)

This routine, although not pertinent to the solution of any problem
encountered in system performances, produces a semi=line graph
representation of the diurnal variation of either or both the Optimum
Traffic Frequency and the Lowest Useful Frequency.

VREFCO -- (230 decimal locations)

This routine calculates t'he ground reflection coefficient (Kv.) for

NOTE:

The ground reflection coefficient (K ;) for horizontally polarized

waves is calculated within subroutine GAIN.

IV. DESCRIPTION OF DATA TAPES

1. "Long-term' Data Tape.
The binary data tape for the storage of coefficients representing

those variables not expressed in closed form has a packing density of
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556 frames per inch, Twelve logical records - one for each month -
are used. Each logiéal record is composed of physical records 256
words in length. Approximately 800 feet of tape are used.

Each logical record contains six one~dimensional arrays, three
three -dimensional arrays, one two=dimensional arrya in the following
order: |

IL (4), JL (4), KL (4), LK (4), JAL (4); Q (20,60, 4),

A (10,7, 14), P (29,16,6), ABP (2,6)

The variables IL, JL, KL, LK, and JAL are limits to which the
Fourier generation of the foF'2 and M-3000 factors are garried, e.g.,
IL (1) is associated with the two dimensional set of coefficients
Q (M,N,1).
the generation of the foF2 and M=3000 factors in the following order
for each month:

1. Q(M,N,1) foF2 - low solar activity

2, Q(M,N,2) foF2 - high solar activity

3. Q(M,N,3) M=3000 - low solar activity

4. Q(M,N,4) M-=3000 - high solar activity

The "A'" array contains the coefficients needed for other para-
meters not represented in closed form:

A (M,N,1) gyro-frequency distribution [ Lucas, 1961}

A (M,N,2) H'f2 layer height charts [ Haydon, 1962]

A (M,N,3) blank to leave space for numerical representation

of measured patterns of antennas

A (M,N,4) nighttime frequency dependence of atmospheric

noise [ Lucas and Harper, 1962].
A (M,N,5) daytime frequency dependence of atmospheric noise
A (M,N,6) man-made noise level in industrial area { Haydon,

1962]
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A (M,N,7) man-made nois

15 -

é level in residential areéea

A (M;N, 8) man-made noise level in rural area

A (M,N,9) man-made noise level in remote unpopulous area

A (M; N, 10) daytime distribution of ¢ircuit reliability in

temperate regions [Haydon, 1962)

A (M,N, 1]1) nighttime distribution of circuit reliability in

temperate regions

A (M, N, 12) distribution of circuit reliability in polar region

A (M, N, 13) distribution of

auroral region

A (M, N, 14) distribution of long ¢ircuit reliability in

auroral region

short circuit reliability in

The "P'" array of each logical record contains five maps of the

worldswide distribution of atmospheric noise [ Lucas and Harper, 1962]

for the month being considered. The major land bodies of the world

P(M,N,1)
P (M,N,2)
P (M,N,3)
P (M, N, 4)
P (M, N, 5)
P (M,N,6)

_ are also represented in this array.

2000-0400 LMT
1600-2000 LMT
1200-1600 LMT
0800-1200 LMT
0400-0800 LMT

major land bodies of the world

The array ""ABP'" contains the convergence factors for the Fourier

generation of the "P" matrix [ Lucas and Harper, 1962].

The elements of the matrices that are not sensitive to month are

identical for all logical records.

2. '"Short-term' Data Tape.

(a) Description of '"Short-term' Data Tape



U S

. 16 &

The ''shortsterm'’ data tape is identical to the "long-term’ data
tape with the éxception of the {oF2 and the M=3000 coeificients. On
the ''short-term’’ tape each particular month's coefficients are stored
in positions used by the coefficients representing high and low solar
activity extremes on the "'lofig term' tape. The solar activity index
associated with the 'short-térm’ coefficients must be used when pre=
dictions are made using these coefficients. The routine which follows
is designed to generate and update a ''shortsterm’’ data tape as the
coefficients become availablé. It is designed to use the ''long=term”

¥ "shortsterm’ tape (Logical #2 and Logical tape #3)which will become
the new "shortsterm’' data tape, Precede the data deck with one card
which contains the first and last months for which the "short=term’
tape is to be updated. A minus | card punched in columns 55+ 36 rust

follow each individual foF2 or M-3000 coeffi¢ient deek., A sample deck

for one month’ s data is?

AN STATEMENT

FTETOT0GG00LT000600060000-70

FErNAGHOOUENT RN NS R E N IR

RS ERR R R R R R AR A R R AR AR R RN !

... s aae
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{(b) Program to Use CRPL Series D Predicted Coefficients
to Generate and Update "Short-term" Tape.

c ALWAYS USE MOST RECENT TAPE FOR UPDATING SHORT=TERM TAPE
. DIMENSION Q(2096004) o TL14) s JL(4)sKLIG)ILK(G)9JALIL4)9A(10+Ts14)pP1L
129+1606)9ABP (246) E
.o 1 FORMAT (19X921494X+214512X0215+E1767)

2 FORMAT (51X9215+E17:7)
101 FORMAT(212)
READ INPUT TAPE 5,101 ¢MONTH1+sMONTH2
REWIND 2
REWIND 3
MONTH3sMONTH2+1
LOCK = MONTH1=1
IF(LOCK) 495544
& D0 3 I1#21,LOCK
READ TAPE 2+1LsJLoKLILKeJALIQsAsP1sABP
3 WRITETAPE 39 ILoJL oKL ILKsJAL3QsAsP19ABP
58 DO 100 II=MONTH1 ¢MONTH2
READ TAPE 2+ ILoJLoKLsLKsJALIQsA9P1+ABP

10=]
; 5 READ INPUT TAPE 5s19lsJoKolsMeNsP
IL(10)=]1+]
JL(10)=J+]
KL(10)=K+]
LK(I0)=L+]

JAL(10)=2%J+1
20 M=M+]

N=N+1

Q(MyN»10) 2P

READ INPUT TAPE 5,29MyNsP

IF(M) 40420520

e A i A b w8
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40 10s10+2
1F(4=10) 6+545
6 DO 7 10829492
IL(10) =IL(10=1)
JL10)=JL(10-1)
KL (10) =KL (10=1)
LK(10)=LK(10=1)
JAL{10)2JAL(10=1)
DO 7 M=1,20
DO 7 N=1,60
7 Q(MeN+10)=2Q(MsNs10=1)
100 WRITETAPE 3» ILsJLsKLsLK9JALSGoAsP1sABP
1F (MONTH3=12) 3015301401
301 DO 201 K=MONTH3,12
READ TAPE 2+ I1LsJLsKLsLKsJALsQsAsP1+ABP
201 WRITETAPE 3s1LsJLeKLoLKsJAL+QsAsP1+ABP
401 REWIND 2
REWIND 3
CALL EXIT
END

Minor changes in the Fortran program found above would allow
the updating of the "long-term' tape as better coefficients become
available,

Extreme caution should be exercised when changes are being

made to the data tape. Fortran statements identical to the read state-

tape.

Inspection and checking of coefficients contained on the tape may
be accomplished by merely dumping the tape off-line, It is suggested,
however, that for easier inspection it be read by the ""read tape' state-

ments contained in "MUFLUF",

o *WMW*WW@;.'E

P e | IR

X

s b S e

"
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Data tapes for the IBM-7090 containing all the logical records
may be obtained from the Radio Systems Division, National Bureau of
Standards, Boulder, Colorado.

V. PROGRAM OPTIONS

Options included in the program aid in the solution of a wide range
of systems problems. Options designed to be printed on standard
9 by 11 paper are:

1. MUF and FOT (Figure 1)

The Maximum Usable Frequency (MUF) and Optimum Traffic
Frequency (FOT) are printed three circuit months per page.

2. MUF, FOT, MODE, ARRIVAL ANGLE, AND RELIABILITY
(Figure 2)

The Maximum Usable Frequency, Optimum Traffic Frequency,
theoretical angle of arrival, probable mode of propagation and circuit
reliability are printed one circuit month per page. MUF-FOT's are
calculated for each hour of GMT. Mode, angle and reliability are
calculated only for even hours of GMT.

3. FOT and LUF (Figures 3 and 4)

The Optimum Traffic Frequency and the Lowest Useful High
Frequency are printed three circuit months per page. The Optimum
Traffic Frequency is always given each hour of GMT while the commun-
icator has a choice of each hour or every even hour of GMT for the
Lowest Useful High Frequency.

4, MUF, FOT, MODE, ARRIVAL ANGLE AND SYSTEM LOSS
(Figure 5)

The Maximum Usable Frequency, Optimum Traffic Frequency,
theoretical angle of arrival, probable mode of propagation and monthly

median of hourly median system loss are printed one circuit month per
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page. MUF and FOT's are calculated for all hours of GMT while mode,
angle, and system loss are calculated for even hours of GMT,

5. MUF, FOT, MODE, ARRIVAL ANGLE AND FIELD STRENGTH
(Figure 6)

The Maximum Usable Frequency and Optimum Traffic Frequency,
theoretical angle of arrival, probable mode of propagation and monthly
median of the hourly median field strength are printed one ¢ircuit month
per page. MUF and FOT's are calculated for all hours of GMT while
mode, angle, and field strength are calculated for even hours of GMT.

6. MUF, FOT, MODE, ARRIVAL ANGLE AND SIGNAL-TO-
NOISE (Figure 7)

The Maximum Usable Frequency, Optimum Traffic Frequency,
probable mode of propagation, theoretical angle of arrival and monthly
median of the hourly signal-to-noise at the receiving antenna terminals
are printed one circuit month per page. MUF and FOT's are calculated
for all hours of GMT while mode, angle, and signal-to-noise are c¢al-
culated for even hours of GMT.

7. MUF, FOT AND RELIABILITY (Figure 8)

The Maximum Usable Frequency, Optimum Traffic Frequency
printed two circuit months per page.

8. FOT GRAPHS (Figure 9)

The Optimum Traffic Frequencies are plotted frequencies vs,
GMT time on a nonlinear frequency scale by the on-line printer,

9. FOT AND LUF GRAPHS (Figure 10)

The Optimum Traffic Frequencies and Lowest Useful High
Frequencies are plotted frequencies vs, GMT time on a nonlinear

frequency scale by the on-line printer.



The above options may utilize one of two input data tapes. Long-

term predictions are available from a data tape with numerical coeffic=
ients for the months representing both high and low solar activity.
These extremes are used to predict MUF associated with the
intermediate sunspot number,
Short-term predictions are available from a data tape with
numerical coefficients for approximately three months in advance. No

interpolation is made when using this data tape.

Vi. COMPUTER INPUTS

1. Circuit Card Format

A data sheet should be prepared for each ¢ircuit before punching

mation on the data sheet (Figure 11). The fields should be punched as

follows (Figure 13) with numbers right justified.

1. 1<5

2. 6-11

3, 12-16
4, 17-22
5. 28-30
6 31-33
7. 34-36
8. 37-39
9. (See Note #1) 40-41
10, (See Note #2) 40-41
11, 42-44
12. 45-47
13. | 48-50
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14, (See Note #1) 51-52
15. (See Note #2) 51-52
16. (See Note #4) 5355
17. (See Note #3) 53s55
18. 56-58

19. Does not apply
20. (See Note #5) 59-62
2l. (See Note #5) 63-66

22,
NOTES:
1. (a) If rhombic is cir¢led, enter =1
(b) If \/2 dipole is circled, enter-3
(c) If vertical is circled, enter =2
(d) If vertical in multiples of wave length
is given, enter in height cols. =14 for
A 4; -12 for N/ 2; -1 for X, etc.

2. If this number is given instead of the
information which appears in Note 1 (d)
above, enter this number.

3. (a) I check in Industrial, enter -1

(b) If check in Residential, enter -2

(c) If check in Rural, enter -3

(d) If check in Remote Unpopulous, enter -4
4. If number is given, enter this number in:

lieu of #17 from data sheet,

5. Bearing in degrees east of north,



2. Method Card Format

The following is a list of methods available. The numbers on

the right call the various methods when placed in the columns shown,

Qg;lggktiens to be Performed

4

Card Columns

L

6

Qo

Sample
Prints
Out

MUF -FOT listing from c¢ircuits on cards

FOT curve from circuits on cards

.FOT curve from circuits on tape

Reliability-mode-angle from circuits
on cards

Reliability=mode-angle from circuits
on tape

FOT-LUF listing every hour from
circuits on cards

FOT-LUF listing every hour from
circuits on tape '

FOT listing every hour, LUF every 2
hours from circuits on cards

FOT listing every hour, LUF every 2
hours from circuits on tape

FOT-LUF curves from circuits on tape

System loss from circuits on cards
System loss from circuits on tape

Field strength (dbu) from circuits on
cards

Field strength (dbu) from circuits on tape

Reliability-FOT every 2 hours from
circuits on cards

Reliability-FOT every 2 hours from
circuits on tape

1

1

i

1
0

0‘
0

0

o

DO QO

it

(==

[y

It

o O

Figure 1

Figure 9

Figure 2

Figure 3

Figure 4

it ]

2]

B




Available S/ N from circuits on cards 6 1 0 0 Figure?
Available S/ N from circuits on tape

3 *« &3 EEQ

mbling the Data Decks

Only one data tape is needed with these routines (Tape #2). A
utility tape #3 is also needed which will contain the circuits from a
given run. If a large number of circuits are to be run repeatably, it
is wise to save the tape and run from it in lieu of circuit cards.

To assemble a data deck, first make the method and frequency
complement cards for the desired HF predictions. If the circuits are
to be read from cards, the circuit cards must follow the frequency card.
Following the last circuit card, insert a "nines card" (the number 9
punched in columns 1 through 19), to indicate the end of the circuit
cards, The next cards will indicate the months and solar activity
levels for which the calculations are to be made.

The months January through December are indicated by numbers
1 through 12 placed on the card in columns 23 and 24. On the same
card, in columns 25, 26 and 27, punch the appropriate sunspot number.
If it is desired to terminate the calculations of these circuits under-the
called method, a card with -1 punched in columns 23 and 24 should
follow the "month and sunspot number" card, Howe‘ve:.' if another
method is to be run for the same circuits, follow the -1 card by method
and frequency cards that allow the circuits to be read from tape (see
method card format). The circuits will be read from tape #3 just |
prepared. Following the new frequency and method cards, place the
desired month and sunspot number cards. Notice the nine's card has
been omitted. A -1 card inserted after the month and sunspot number
card will terminate the method and a blank card following the -1 card

will terminate the job.
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The data deck (to be run from cards) is composed of the following
cards in the order they appear.
1. Method card
2., Frequency complement card
3. Group of circuit cards
4, Nines card
5. Group of month and sunspot cards
6. =1 card
(See Figures 14 and 15)

Any number of different methods with different circuits may be
set up sequentially in the above order. When it is desired to terminate
the job, place a blank card after the =1 ¢ard.

A data deck to be run from tape is composed of only:

1. Method card

2. Frequency complement card

3. Group of month and sunspot cards
4. -l card

(See Figure 16)

4. Purpose of Cards in Data Deck

(a) Method Card:

The method card shown in Figure 13 allows the communicator a
choice of computations shown in the example print-outs (Figures 1
through 10) with the option of having data for the circuits on either
cards or magnetic tape,

(b) Frequency Complement Card:

The frequency card allows the communicator a choice of 10 fre-

eveess 30,0000, If fewer than 10 frequencies are wanted merely put

e
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the desired ones sequentially on card from the beginning, then punch
unused fields with 990000, If method #3 is to be rua, it is suggested
that a frequenéy card identical to Figure 12 be used.

(c) Circuit Cards (Figure 13):

The circuit cards are designed to contain all necessary circuit
parameters to be run under any choice of the computations shown in
Figures | through 10, : :

(d) Nines Card (Figure 12):

The nines card is a circuit card which is not computed. The
machine senses this card and is told the entire list of circuits has been
calculated for the given month.

(e) Month and Sunspot Number Card (Figure 12):

The month card contains the month of the year and its associated
sunspot number for the desired circuit calculations.

(f) Minus One Card (Figure 12):

The minus one card instructs the machine that all computations
are complete for a given method.

(g) Blank Card (Figure 12):

A blank card following a "minus one card" instructs the machine

that all computations for a given run are complete.
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TRANSKITTER
40:,T3N = 73,93
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$1.50N -
T NUF

|
2
3
4
S
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nt

wWE €07
$.7  4a9
8.2 4.
5.2 4.8
5.4 4o
.4 4ot
S.7 4.9
T S
TRANSRITTER

(1

lO.S‘ 8.8

10.8 9.2
10.6 9.0
2.9 0.4
%3 1.9
8.1 6.9

3
TRANSRITTIER

12.10N - 8,508
AT MWEF  FOT

1 13.4 116

2 13,0 11.1

? 1.8 10.1

4 10.7 9.1

s 9.2 1.8

¢ %8 8.0

Fi

OGOi“

JAN

GNT

o & =

10
11

JAN

6Nt

10
1n
12
JAN

GhY

12

=27«
. SSN= 25,
RECEIVER
32.338 = 64.70M
ME  FOTY GNHT NMUF
5.7 4.9 13 10.3
$:85 4.7 14 11.4
S.4 4.6 15 11.6
4:9 4.2 16 11.8
S.1 4.3 17 11.8
7.4 6.9 18 11.5
. SSNs 25,
_ RECEIVER
27.928 = 15.67W
NUF  FOT GNT NUF
S.1 6.9 13 22.7
12.9 11.0 14 21.7
19.6 16.6 15 21.5
22.8 19.3 16 21.0
23.6 20.0 17 19.3
23.7 20.2 18 16.6
SSN= 25,
RECEIVER
51,908 - 0.01W
WE  FOT GAT Ny
15.9 13.6 13 25.8
23.3 19.9 14 235.3
26.6 22.6 15 24.4
27.3 23.2 16 23.0
27.4 23.3 17 20.2

18 16,7

L
_ BEARINGS
135.8 321.3

(1) ]
92
10.6
11.4
11.8
11.8
11.5

&€
BEARINGS

21205 22,2

Fov
19.3
18.5
18.2
17.8
16.6
14.2

L0
BEARINGS

351.8 167.0

FOv

14,2

Computer Print-Out of Circuit MUF and FOT

32.007
NJMILES

672.9%

GMT MNUF FOT
19 11.6 10.8
20 11.7 9.9
21 11.2 9.5
22 9.7 8.2
23 7.7 6.6

24 6:5 5.9
2,016
N.NILES
1%581.3
GNT WUF
19 13,5

FOY
11.%

20 11.8 10.1
21 10.8 9.2
22 9.8 8.3
23 9.7 8.3
26 10.1 6.6

16.02¢
N.MILES
2400.4
GNT . WUF
19 14,0
20 13.9
21 13,1
22 13.0
23 13.0

24 13.0

Fov
12.6
11.8
11.1
11.0
11.0
11.1




52‘85
2 JAN ~ SSN= 28, 6C 2.016
TRANSMITTER © RECEIVER ~ BEARINGS NoMILES
51.50N = 0.01W C27.92N = 15.6TH  212.5 22.2  1581.3
RMONBIC 23H 96L 6TDEG  NOISE= 3  RHOMBIC 20M 114L T0DEG
PHRs 30.00KW 7 ~ OPERATING FREQUENCIES = REQ.S/N= 435D8
GNT MUF  FOT 3 5 7T 9 11 13 15 20 2% 130 FOY
1 10.3 6.8 - S - ) S
3F 2F 1F 1F 00 00 00 00 00 OO0 1F MODE
28 18 5 5 0 0 0 0 O 0 5 ANGLE
2 10.8 9.2 90 99 99 99 0 0 o o 0 0 99 RELIABILITY
3 1006 9.0 e ~ o . . o ' L . B L
3F 2F IF 00 00 00 00 00 00 00 1F MODE
26 18 4 0 0 O 0 O O 0 4 ANGLE
4 9.9 8.4 9 99 99 06 O O O O O O 99 RELIABILITY
5 9.3 Te9
3F 2F 00 00 00 00 00 OO0 00 OO0 1F MODE
2616 0 0 0 0 0 0 0 0O 4 ANGLE
6 8.1 6.9 89 99 0 0 O O O O O O 99 RELIABILITY
T 81 6.9
3 3F 2F 1F 00 00 00 CO 00 00 1F MODE
25 25 16 3 0 0 0 0 0 0 3 ANGLE
8 12.9 11.0 0 98 99 99 6 0 O O O O 99 RELIABILITY
9 19:6 16.6 S S o
26 3F 2F 2F 2F 2F 1F 00 00 00 1F MODE
- 5 25 15 15 15 15 3 0 0 0 3 ANGLE
10 22.8 19.3 0 S 99 99 99 99 99 O O O 99 RELIABILITY
11 23.6 20.0 B ) N - o , » ) o
26 26 3F 2F 2F 2F IF 1F 00 00 1)F MODE
8 S 24 15 15 15 3 3 0 0 3 ANGLE
12 23.7 202 0 O 81 99 99 99 99 99 O O 99 RELIABILITY
13 22.7 19.3 ] - ) o i 7 ] o
€ 26 3F 2F 2F 2F 1fF 00 00 00 1F MODE
| S 5 24 15 15 15 3 0 0 0 3 ANGLE
14 21.7 18.5 0O O 89 99 99 99 99 0 O O 99 RELIABILITY
15 21.5 18.2 , ,
26 3F 2F 2F 2F 1 IF 00 00 00 1F MODE
S 23 14 14 14 2 2 0 0 0 2 ANGLE
16 21.0 17.8 0 23 99 99 99 99 99 O O O 99 RELIABILITY
17 19.% 16.6
3F 3F 2F 2F IF 1IF 00 00 00 00 1F MNMOOE
23 23 14 14 2 2 0 0 O O 2 ANGLE
18 166 14,2 44 99 99 99 99 99 0 O O O 99 RELIABILITY
19 13.5  11.5 , ) '
: 3F 3F 2F IF 00 00 00 00 00 OO0 1F NODE
| 23 23 14 2 0 0 0 0 O O 2 ANGLE
i 20 11.8 10.1 83 99 99 99 0 O O O O O 99 RELIABILITY
: 21 10.8 9.2 4
i 3F 2F 1F 00 00 00 00 00 00 OO LF MOOE
j 2% 16 3 0 0 0 0 0 0 O 3 ANGLE
i 2 9.8 8.3 87 99 98 0 0 0 O O O O 99 RELIABILITY
23 9.7 8.3
' 3F 3F 1F 00 00 00 00 00 00 00 1F MODE
2T 21 4 0 0 0 0 O O O & ANGLE
24 10.1 8.6 089 99 99 0 O O O O O O 99 RELIABILITY
Figure 2, Computer Print-Out of Circuit MUF, FOT and Circuit Reliability
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1 JAN © SSNs 28, BR 32,007
'R!”Sﬂifiﬁﬂ ’ﬂECEiVER o 77#@5“!”55 No!!LES
»‘@’?s” - 73.930 1~/32.33N‘5 64,70k 13518 321.3 ) 672.5
_RHOMBIC 32" 118L 63DEG NOISE= 3 ~ ANT= 308
PWRa 20.00KW ) . o . ~ REQ.S/N= 4508
GMT LUF Fot 6MT LUF FOT GPT LUF FOvY GMT LUF FOT
. 1 =3.0 4.9 1 =3.0 4.9 13 =3.0 9.2 19 3.5 10.8
2 =3.0 4.4 8 =3.0 4.7 14 353. 10.6 20 3.2 9.9
. 3 =3,0 4:5 9 =3.,0 4,6 15 4ol 11.4 21 =3,0 9.5
4 <30 4:6 106 =3,.0 4.2 16 4.4 11,8 22 =3,0 8.2
5§ =3.0 4:6 11 =3.0 4.3 17 4.4 11.8 23 =30 6eb
6 =3.0 4.9 12 =3.0 6:9 18 4.1 11.5 24 =3,:0 5.5
o Azﬁ__” JAN o SSN' 25- o cc 2.016 o
f‘R@”Sﬂl'tEﬂ ) _J‘RECE[VEB ) _7A3§QR!~GS Ngﬂ!LES
‘S!oson - 0.01W  2T.92N = 15.67w 2125 22.2 ) l59;33
RHOMBIC 23H 96L 6TDEG  NOISE= 3 RHOMBIC 20M 114L TO0DEG
PlR= 30.00KW o o . ~ REQ.S/N= 45D8
GMT LUF FOT GMT LUF (1) GMT LUF FOY GMT LUF FOY
1 -3.0 8.8 T =3.6 6.9 13 7.2 19.3 19 3.2 11.5
4 =3.0 8.4 10 6.1 19.3 16 5.8 17.8 22 -=3.0 8:3
6 -3.0 6.9 12 6.9 20.2 18 3.5 14.2 24 =3.0 85@
| 3 JAN SSN= 25, LD 16,026
TRANSNITTER RECEIVER BEARINGS N.MILES
| 12.10N -  8.50F S1.50N - 0.0lW  351.8 167.0 2400.4
RHOMBIC 20H 114L T0DEG NOISE= 3 RHOMBIC 20M 114L T0DEG
PYR= 10.00KW 7 REQ.S/N= 43D
. GNT LUF FOV GMT LUF FOY GMNT LUF FOT GNT LUF FOV
| 1 4ed 1.4 T 6.4 13,6 13 9.2 21.9 19 4,4 12.6
- 2 4.1 11.1 8 7.5 19.9 14 0.7 21.5 29‘ 4.4 11.8
3 4.4 10.1 % 8.4 22.6 18 8.1 20.7 21 4.4 1l.1
4 4.4 91 10 8.9 23.2 16 6.7 19,5 22 4.4 11.0
S 4.4 7.8 11 9.5 23.3 17 5.5 17.1 23 4.4 11.0
6 4.7 8.4 12 9.5 22.& 18 4e4 14,2 26 A4 11.1

Figure 3.

Computer Print-Out of Circuit LUF and FOT
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R S JAN ~ SSNs 25, - BR 32,007
TRANSMITTER RECEIVER  BEARINGS N.MILES
40.TSN = 73,930  32.33N = 64,708 135.8 321.3 - 672.5
'RHOMBIC 32H 118L 63DEG NOISE= 3 __ ANT=  30B
PliRe 20.00KW ) i . REQ.S/N= 45DB
GMY LUF FOT GMT LUF FOY GMY LUF  FOT GMT LUF FOT
1 4.9 1 4.9 13 9.2 19 10.8
2 <3.0 4.4 8 =3.0 4.7 14 3.5 10.¢6 20 3.2 9.9
3 4:5 9 4:6 15 114 21 9.5
4 =3.0 4,6 10 =3,0 4,2 16 4.4 11.8 22 =340 82
5 4.6 11 4.3 17 11.8 23 6:6
6 <3:0 4.9 12 =3.0 6.9 18 4.1 11.5 24 =3.0 5.8
2 JAN ~ SSNs 25,  6C 2.016
TRANSMITTER  RECEIVER  BEARINGS N.MILES
S1.50N - 0.00W 27,928 = 15.67W  212.5 22,2 1581.3
RHONBIC 23H 96L 67DEG  NOISE= RHOMBIC 20H 114L 70DE6
PHR= 30.00KN o ) , ] ~ REQ;S/N= 4508
6NT LUF FOT GMT LUF Fov GAT LUF  FOT GMY LUF FOV
3 9.0 9 16.6 15 182 21 9.2
4 -=3.0 8.4 10 6s1 19.3 16 5.8 17.8 22 -3.0 8.3
g 5 7.9 1n 20.0 17 16.6, 23 8.3
6 =3.0 6.9 12 6.9 20.2 18 3.5 14,2 24 =3.0 8.6
3 JAN ] SSN= 25, LD 16.024
TRANSHITTER RECEIVER BEARINGS N.MILES
i 12.10N = 8.50E 51.50N - 0.01lWw 351.8 167.0 2400.4
RHOMBIC 20M 114L TODEG NOISE= RHOMBIC 20H 114L TODEG
PUR= 10.00KN ~ REQ.S/N= 4308
6MT LUF  FOT 6MT LUF  FOT GMT LUF  FOT 6MNT LUF  FOT
1 11.4 7 13.6 13 21.9 19 12.6
2 4.1 111} 8 7.5 19.9 14 8.7 21.5 20 4.4 11.8
3 10.1 9 22.6 15 20,7 21 11.1
& 4.4 9.1 10 8.9 23,2 16 6.7 19.95 22 4.4 11.0
S 7.8 11 23.3 17 17.1 23 11.0
6 4,7 8.4 12 9.% 22.6 18 4.4 14.2 26 4.4 11.)
Figure 4. Alternative Computer Print-Out of Circuit LUF and FOT
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2 7 JAN ~ SSN= 25, . 6GC 2.016
TRANSMITTER © RECEIVER  BEARINGS NoMILES
S51.50N = 0.01W  27.92N - 15.67w 212.% 22.2 = 1581.3
RHOMBIC 23H 96L 6TDEG NOjSE= O RHOMBIC 20H L14L TO0DEG
~ OPERATING FREQUENCIES
GMT MUF  FOY 3 5§ 7 9 11t 13 15 20 25 30 FOV
1 10.3 6.8 o o
3F 2F IF lF 00 00 00 00 00 00 1F MODE
, 28 18 5 6 0 0 0 0 0 5 ANGLE
2 10.8 9.2 133 120 129 120 0 0 0 0 0 0120 LOSS..DB
3 10.6 9.0 ] ] R
3F 2F 1IfF 00 00 00 00 00 00 00 1iF MODE
( 26 18 4 0 0 0 0 0 O O 4 ANGLE _
4 9.9 8.4 133121131 0 O O O O O O 124 LOSS..08
S 9.3 7.9 B S
3 2F 00 €O 00 00 00 00 00 00 LF MODE_
26 16 0 0 0 06 0 0 0 © & ANGLE _
6 81 6.9 134122 0 0 0 0 O O O O 134 LOSS..D8
T 8.1 6.9 o S S B
3F 3F 2F 1F 00 00 00 ©O 00 00 LF WODE
C 1nee teo 1 B e 2 0 ¢ e 0 0 0 3 AMeLe
! 8 12.9 11.0 169 137 121 131 ¢C 0 0 O 0123 L0OSS..08
; 9 19,6 1.6
26 3F 2F 2F 2F 2F 1F 00 00 00 1F MODE
o %5 25 15 15 15 15 3 0 O O 3 ANGLE
10 22.8 19.3 291 166 137 122 114 111 116 0 O 0 110 L0SS..DB
11 236 20,0 o
26 26 3F 2F 2F 2F 1F 1F 00 0C 1F MODE
S S 5 24 15 15 15 3 3 0 O 3 ANGLE
12 23.7 20.2 346 235 151 126 116 114 119 111 O O 131 LOSS..08
13 22.7 19.3 , o ‘ ,
26 2€ 3F 2F 2F 2F 1fF 00 00 00 1F MODE
A , 5 5 24 15 15 15 3 0 O O 3 ANGLE
14 21.7 18.5 332 229 149 127 118 113120 0 O O 114 LOSS..DB
15 21.5 18.2 o , ,
26 3F 2F 2F 2F 1F IF 00 00 00 1F MODE
S 23 14 14 14 2 2 0 0 0 2 ANGLE
16 21.0 17.8 256 1%9 134 120 112 125119 0 ©0 O 11% LOSS..D®
17 19.5 16.6
3 3F 3F 2F 2F 1F 1F 00 00 00 OO0 1F MODE
; 23 23 14 14 2 2 0 0 O O 2 ANGLE
| 18 16,6 14.2 149 128 117 109 127121 0 ©0 O 0 119 LO0SS..DB
| 19 13.5 11.5 ,
3F 3F 2F 1F 00 00 00 00 00 OO0 1F MODE
23 23 14 2 0 0 0 0 O O 2 ANGLE
| 20 11.8 10.1 137122114131 0 0 0 0 © 0 127 0L0SS..08
21 10.8 9,2 )
| 3 2F 1F 00 00 00 00 00 00 OO0 1F MODE
E , 23 16 3 0 0 0 0 O O O 3 ANGLE
% 2 9,8 8.3 13512313 0 ©0 © 0 O O O 129 10SS..D8
23 97 8.3
' 3F 3F 1 00 00 00 00 00 00 00 1F MODE
21 21 4 0 0 0 0 0 0 O & ANGLE
24 10.1 8.6 134121132 0 ©0 0 O O O O 124 LOSS..DB
Figure 5. Computer Print-Out of Circuit MUF, FOT and System Loss
H

e
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i JAN o SSN= 25, = GC 2.016
TRANSMITTER ~ RECEIVER ~ BEARINGS N.MILES
S1.50N = 0.01W  27.92N = 15.67W 212.5 22.2 1581.3
RHOMBIC 23H 96L 670E6 2 NOISE= O ~ ANT= 008
PHR= 30.00KW ~ OPERATING FREQUENCIES = FIELD STRENGTH.
GMT MUF  FOT 3 5 7 9 11 13 15 20 25 130 foOT
1 10.3 8.8 o
2F 2F 1F 1IF 00 €O 00 00 00 00 1F MODE
f ., 18 18 5 S5 0 0 0 0 0 O 5 ANGLE
2 10,8 9.2 30 40 40 47 0 ©0 © O O© O &7 DBU
3 10.6 9.0“ o o o o ) R B o o o o
2F 2F 1f 00 CO C0 CO 00 00 OO0 1F MODE
. , 18 18 4 0 0 0 0 0 O O 4 ANGLE
4 9.9 8.4 29 40 40 © O 0 O O O O 44 OBU
$ 93 19 o
26 2F 00 00 CO GO CO 60O 0O OO 1F MODE
A . , S 16 0 0 0 0 0 0 0 0 4 ANGLE
6 el 6.9 29 39 0 0 ©0 6 0 ©6 ©0 O 38 OBU
7 1 69 o , S
3F 2F 2F F CO 00 00 00 00 0O 1F MODE
o 25 16 16 3 0 0 O0 O O O 3 ANGLE
8 12,9 11.0 =5 24 37 39 O©0 O O O© O O 44 0BV
9 19,6 166 B
26 3F 2F 2F 2F 2F 1F 00 00 00 1F MODE
e oa a 3 25 15 15 15 15 3 0 0 0 3 ANGLE
10 22.8 19.3 =119 =8 21 35 41 45 47 O O©0 O 52 OBV
11 23.6 20.0 o o o
28 28 3F 2F 2F 2F 1F 1F 00 00 1F MODE
, . 5 5 24 15 15 15 3 3 0 0 3 ANGLE
12 23.7 20.2 =174 =61 4 29 37 42 45 51 O O S2 D8V
13 22.7 19.3 , , S
2 2€ 3F 2F 2F 2F 1F 00 00 00 1F MODE
, ) S S5 24 15 15 15 3 0 O ©O 3 ANGLE
14 21.7 18.5 -160-55 6 30 38 43 45 0 O O S0 DOBU
15 21.5 18.2 S ,
2 3F 2F 2F 2F IF 1IF 00 00 00 1F MODE
S 23 14 14 14 2 2 0 0 O 2 ANGLE
16 21.0 17.8 -84 -0 25 38 43 43 47 O© O O S0 oO8v
17 19.5 16.6
2F 2F 2F 2F 1F 1F 00 00 00 00 1AF MODE
14 14 14 14 2 2 0 0 0 0 2 ANGLE
18 16,6 14,2 16 33 42 49 43 47 0 O O O 48 oDBY
19 13.5 11.8
26 2F 2F 1F 00 00 00 00 00 CO 1F MODE
5 14 14 2 0 0 0 ©0 0 O 2 ANGLE
20 11.8 10,1 29 38 45 41 O© O O O O O 44 08U
21 10.8 9.2
28 2F 1F 00 00 00 00 00 00 00 1F MODE
5 16 3 0 0 0 0 0 O 0 3 ANGLE
22 98 8.3 29 39 31 0 © O O©O O O O 42 OBV
23 9.7 8.3
2F 2F 1F 00 00 00 ©CO0 00 00 OC 1F MODE
17 171 4 0 0 0 0 0 0 O & AKSLE
24 10,1 8.6 29 40 39 0 0 O O O O O 4% OBV

Figure 6. Computer Print-Out of Circuit MUF, FOT and Received

Field Strength
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i34a
1 JAN SSNs 25,  BR 32,007
TRANSMITTER RECEIVER  BEARINGS NsPILES
40.75N - T73.93W 32.33N = 64.70W 135.8 321.3 ~ 672.5
RHOMBIC 32H 118L 630EG NO1SE= 3 ~ ANT=  3DB
PNR= 20.60KK RELIABILITIES » ~ REQeS/N= 4508
GMT  MUF  FOT 3 S 7 9 11 13 15 20 25 30 FOT MCS
2 5.2 4.4 99 0 0 0 0 ©6 0 0 o0 O 99
4 5.4 4.6 99 0 0 0 0 0 O O O 0 99
[ S.7 4.9 99 0 0 0 0 0 (4] 0 0 0 99
8 5.5 4.7 99 0 0 0 0 0 0 0 0 0 99
10 4.9 4.2 99 0 0 0 ©6 ¢ O 0 O0 O 9
i2 T.4 6.9 99 g9 0 0 € 0 O 0 O o 99
14 11.4 10,6 0 99 99 99 0 0 0 0 O O 99
16 11.8 11.8 0 97 99 99 99 0 0 0 0 © 99
18 11:5 11.9 G 98 99 99 99 o0 ©6 O O© O 99
20 1.7 9.9 32 99 99 99 0 O 0 ©O© © O 99
22 9.7 8.2 99 99 9 0 G 0 0 0 0 O 99
24 6.5 5.5 99 99 0 0 0 0 0 0 0 o 99
, 2 JAN o SSN= 25, B 6C 2.016 _
TRANSMITTER RECEIVER ~ BEARINGS N.MILES
51.50N =  0.0lW = 27.92N - 15.67TW  212.5 22.2 1581.3
RHOMBIC 23M 96L 6TDEG-  NOISEs 3 RMOMBIC 20M 114L TODEG
PHR= 30.00KN RELIABILITVIES - REQ.S/N= 4508
GNT MUF FOT 3 S 7 9 11 13 15 20 25 30 FOT MCS
2 10.8 9.2 90 99 99 99 O0 O O O O© O 99
4 9.9 8.4 9 99 99 06 O0 O © O ‘0 O 99
6 8.1 6.9 89 99 0 O©0 0 0 O O O O 99
8 12.9 11.0 0 98 99 99 0 0 0 0 L 0 99
10 22.8 19,3 s} S 99 99 99 9% 99 0 0 ©0 9
12 23.7 20.2 o 0O 81 99 99 99 99 99 0 0 99
14 21.7 198.5 0 0 89 99 99 99 99 o o 0 99
16 21.0 17.8 0 23 99 99 99 99 99 0o o 0 99
18 16.6 14.2 44 99 99 99 99 g9 0 0 0 0 99
20 11.8 10.1 83 99 99 99 L) 0 0 0 0 o 99
22 9.8 8.3 a1 99 98 (1] 0 0 0 0 0 0o 99
24 10.1 8.6 89 99 99 ) 0 0 0 0 0 o 99
Figure 8. and

ircuit Reliability

Alternative Computer Print-Out of Circuit MUF, FOT
C
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Figure 10. Graphical Representation of Circuit LUF and FOT
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DATA FOR HIGH FREQUENCY COMMUNICATION PREDICTIONS
To o o
Transmitter Location Receiver Location Customer Circuit Number

1. Transmitter Latitude (Degrees in Decimal Form) North = #; South = = |  Degrees

2. Transmitter Longitude (Degrees in Dec¢cimal Form) West = +; East = - Degrees

3. Receiver Latitude (Degrees in Decimal Form) Degrees i
4. Receiver Longitude (Degrees in Decimal Form) , Degrees i
5 APower Dehvered to Transrmttm' Antenna o 1 Kw

o ' ' ] Meters

7; - Leg Length | Meters

8. = Tilt Angle Degrees

9. = Type; Rhombic, N/ 2 Dipole, or Vertical :

- _L_&__Tg_‘a,ng;mgtgg  Anténna Gain if T /pe_ Other Than Item #9 i DB _ B

11. Receiving Antenna < Height = ' S ) | Meters ‘
12; - Leg Length | Metefts K
13, = Tilt Angle ‘ Degrees
14, = Type; Rhomb.ic, X/ 2 Dipole, or Vertical ,

15, Receiving Antenna G Type Other Than Item #14 N 1 pB

16, Man-Made Noise at Recewer Input -y

Frequency _ __ Bandwidth DB <1 Watt ___

T Type ol Receving Ares T 716 0o oo

Industr ial

Re s;denhal Rural Remote U‘npopulous

UA9 Deta:led descripti :
Type of Servxce e. g . Radmtelephone .

Modulation, e.g., SSB —— ‘
Bandwidth - |
Number of Channels - —— i
Words Per Minute Per Channel ——

Maximum Teletype Error Rate . =

Minimum Radiotelephone Intelligibility —— i
Diversity Employed ) EE— |
Any Other Description of Service —— = |

20, Enter Bearmg of Transm1ttmg Rhombic Antenna if Off-Great- -
Circle Path
21, Enter Bearing of Receiving Rhombic Antenna if Off-Great-
Circle Path
22, Twa Letter Code for Recewer Location

Figure 11
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Nines Card

I |
| I

WENTI AT l

'o-ouooooooonommrommnmrnwrmrmnrmamamoo'arrmmouumcurnnﬂ

c a6t e - TR ‘ee e ECI I 1R

Month and Sunspot Card

1.'.“..;, & FORTRAN STATEMENT

il 3 A sfelrmonenanusnnunenn M anluznnlnnu'lunnunvuun«410«.&5:;1&3'4';".6511»00('1m..umnmnnmn BHBRENAG

‘]‘)Tﬂ'ﬂ'ﬂ,ﬂ‘b 000000 00N00LB00UC00BTBO0B0CTTONIIVTTOTEEVCTCICTOOCOT00T Hﬁ'ﬁ—fﬂ(ﬁ{ﬂﬁﬂ”lﬂo'

Ceet e s a0 a0 e olg g ee

Month = 3; Sunspot Number 14

Minus One Card
£ B R - j
- T " A

FORTRAN STATEMENT

JOLERT AT N

LR L BN B B T LI N I B I R S R D A I R T R P B

Frequency Complement Card

"3000p-"50000 70000 “"30000" 110l et
Cf»fg:.% ” T e o
Fuﬂ»:ucuv’?‘ FORTRAN STATEMENT N
‘HWEER' ';J‘ - N e . . e e e e d _‘_""l'l'
LA L L L L L L L L L LLL) 11) (L1 1] 00,0000
w'lli‘!‘l TENNBRNUB TR IR P NI IANAINA NP INESNBACONCNUCHCROTHNNTRNS ":lsi&t-‘LL(QSSEETY?!#::FTSKHRK
R ER XA ERER R (AR R R R R AR ERERRE RRRE R RRRRARE

Frequencies = 3, 0000, 5,0000., . . . 30,0000

Note: This frequency card should contain only frequencies of the high
frequency band (3-30 Mc/ s) unless fewer than ten {requencies
are desired. In this case, enter 990000 in the unused fields

at end of complement,

Figure 12

ET ]



1 numper

[ N % 3 7 (AR I St o

-39 .

Example Method Card

STATEMENT

" ‘FORTRAN

a L  IDENTIFICATION
U | [ 4 goo000e0o0000000800000 ooﬁouﬁ 0000 0 5
| ll: JasfszeanuRUBNY umulnnlullntn.aluallﬂallclauuuonuumsuﬂuﬂs!snusuwauuuuﬂuunnl nuuurmn

.......... R R R XN IEREEERE R cesegae

Example Circuit Card

23 esfelrsrnn uuunsmnuuunznualnua:nnnuuunaaaucnaamr.oaamuuaunsnmnunuuunn-nn nuummn

Ceets teeses Treat
Transmitter latitude = 46, 10 North

Transmitter longitude = 64, 80 West

Receiver latitude = 32. 30 Soiith

Receiver longitude = 64, 80 East

Transmitter power = 1 kilowatt

Transmitter antenna height = 25 meters

Transmitter antenna leg length = 0

Transrhitter antenna tilt angle = 0

Transmitter antenna type = -2 (vertical)

Receiver antenna height = 30 meters

Receiver antenna leg length = 180 meters

Receiver antenna tilt angle = 70 degrees

Receiver antenna type = -1 (rhombic)

Required S/ N = 42 decibels

Bearing of transmitting rhombic = 0 (on great circle or not rhombic type)
Bearing of receiving rhombic = 0 (on great circle or not rhombic type)
Abbreviation for receiving location = BD

Figure 13
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EXAMPLE DATA DECK FOR RUN UNDER
ONE METHOD ONLY FROM CARDS

& «ronlt} e S
Tareuent FORTRAN STATEMENT PR,
STV I Y Tv S T TV Vs v i eV oo 0us00080ascauc00 00400000
R RE R unuunuunn’niln---n--lnllﬂlslnn.uciul’duccsunsuusnnunucnumxcunx:urqnu RN
I,IlllllI|lll|lli||l|lll|lllllllllllllllI|Ill|||ll|I!Iilllllll'llll1l|lllv

| numech
b1 ;
Jriz s s
1918

i
’ la222202122222222222222222222222222222222222222222222222222222222222222222222222222
1
‘!ﬁlil 333!3133!1!333!31i!lll13133313333331333331313!3321333313332333!323ﬁ333333!
I

LRI AL

L =y LN

H
3
éill‘l4444444‘444‘44‘4‘lllllll4440‘4“‘4“444llll‘l4444444tlllll‘l‘ll‘l‘llll(tll
ﬁ!!ii}li!55555l!53!555SSSQSSS!SS55!5555555555555555555555555555?5555555555555555
” lp'ﬁSOBCIOIliliillSlﬁllS'litl0liltl0'!‘60!5'3‘53!5655‘6556iiliiiiiiiiiiiiiiiiiii
b
!

‘IWJII’7111117?1777177111171711111711171117?1771117111)1117117111711177171711171f
\ )
ﬂl.llllll.lll.llllllllillllllllllllllllllllllililllllllllllllll.llti.'llllllllll

Figure 14
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EXAMPLE DATA DECK FOR RUN UNDER TWO METHODS FROM CARD

-t

: ! !jl'
‘P999 w999999999999

‘| 3897

360p0
[3 o
(N
bl

6 34

153Qj‘1‘2052 2295-12020

, 463 3232 6472

|3

10 32250 70-1 30180 67=1 =3 48
-2 €6 96 67-1 -2 61
50000 70000 90000 110060 130000 150000 200000 150000 300000 |

115

=1
12'53
11 60

999999999999

a
elhs

12050 3401 -7165

3140|7200 152012052
I 34@1" F?IGS 1530 -3%00

51

Mg i

ey
112148
1mMi,d
2:2222
3:3331
J:Nll
5:;555
EEESEG
mmn

¥
t

1
2
3

Sv_an e

7

)
hee3e

B

20 1%

115

-3 2% 9 64-1 -2 51

=2 =3 47

STATENWENT

R R L L L A R L R R L A L LR AR

THANNDENERL IR INRAXT AAXNL LN TR AR COLCLL U T

I R N R R R R R A N R R T T R N A R AR RN N R R RN

Figure 15

. 40 25180 67-1 36108 €6-1 -4 4% 102 2%
T 10 21201 70-1-12
SO000 70000 90000 100000 120000 150600 170000 180000 250000 |

5‘1.0

FORTRAN

I
Py

[

[B- 37085_.
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EXAMPLE DATA DECK FOR ONE METHOD
USING CIRCUITS FROM MAGNETIC TAPE

IDENTIFICATION
uu;ulir.--uuuuuuuun:nunuuunuunnﬁwussvniuuncuacuuuuuIIEEIEEEEgg{gygEEEgEJEEEEEgnd

RRSRRE AR R RN R R R RN R R R NN R AR R A R RN N AR R RN RN AR RERRARRRRIRERARRR
1221222222222222211222222222i12?2221222222222222222222222222222222
3333333333333203093933533322333333333333333333333333313223232333333
GHAAAA 4400400400004 000000010400 100044000300 1 0y
SES 5595885555558 555855555559585559555555555555555555555555555685585
MO N O O T O L D L R L
(R RRRER RN R R AR RN R R R R R R AR R RN AR R AR AR AR AR R ARARRERRRRARRRRRRRD/

SOSOBOOUEIINBOIABTOROBORORIBNUBUBOROOBENOIBIBRRRSIBIFRNRERIRNISY

12222222
13343233
Yy
55555558
$6565666
17111111 |
TIUULE|

l My
i
| |esasd

Figure 16
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EXAMPLE HF PREDICTION DECK TO EXECUTE UNDER

fc&—m:."_

Jsowaen 1

<43 -

PROFWM DEL

I

FORTRAN STATEMENT

I
ATEMENT]r

i ¥ T Th e T 1 i
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VIiI. PROGRAM OUTPUT

The output is shown in Figures 1 through 10, The output is
designed for 9 by 11 standard computer paper.

A description of variables appearing in the print-outs reading
left to right:

l. Sequential circuit number appearing in the extreme upper
left is generated within the machine and is designed to be useful for
ready reference to a master list. Sample: 118

2. -Month of year for which predictions are calculated.
Sample: MARCH

3. Sunspot number used in predictions. Sampe: SSN = 10.

4. Customer identification number which is generated from a
two=letter code for receiver location, bearing (receiver to transmitter),
and great circle distance of path. Sample: KD 12,012

5. Transmitter geographic coordinates in hundredths of
degrees. Sample: 13.45N -« 144, 80E

6. Receiver geographic coordinates in hundredths of degrees.
Sample: 26. 72N - 127, 80E

7. Great circle bearing of transmitter to receiver and bearing
of receiver to transmitter. Sample: 312.4 - 126.5

8. Type of antenna used at transmitting terminal. Sample:
Rhombic 12H 39L 58 Deg.

H - height in meters
L - leg length in meters
Deg = tilt angle in degrees

9. Level of man-made noise at receiver site. Sample:
NOISE = 3

10. Type of antenna used at receiving terminal. Sample:

VERTICAL - 14H OL ODEG.

e e
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The =14H indicates the grounded vertical is 1/4 (\). The same
analogy would apply for =12H (\/2), =1H (\), ete. A print-out without
the minus indicates the vertical height in meters (e.g., 13H indicates
the grounded vertical is 13 meters high).

11. Great circle distance of path in nautical rniles, Sample:
N. Miles 1243, 2

12. The effective power delivered to the transrmitting antenna,
Sample: PWR = 20, 00 kw

13. The required signalsto-noise in a one=<cycle band (db > 1 watt)
at receiving antenna terminals. Sample: REQ. S/N = 45db

14, Greenwich mean time. Sample: GMT

15. Maximum Usable Frequency. Sample: MUF

16. Optimum Traffic Frequency. Sample: FOT

17. Truncated numbers representing the frequency complement
card (Figure 14). Sample 4, 6, 8 .... 23

18. Probable mode associated with least loss. Sample: 3F, 4E

and 4X. 4X indicates propagation by E and F, region using four hops.

19. The theoretical angle of arrival associated with the most
probable mode of propagation, Sample: 20

20. Reliability defined as the per cent of days with the month
the available signal-to-noise will be adequate. Sample: Reliability

21. Signal-to-noise defined as the available monthly median.
Sample: S/N. ... db

22, Systemn loss defined as the ratio of the power delivered to
the transmitting antenna relative to that available at the receiving
antenna terminals. Transmission loss may be obtained by using
isotropic antennas. Sample: Loss ., . . db

23. The Lowest Useful High Frequency defined as the lowest
frequency that will give 90% reliability at a given hour. Sample: LUF
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24, A zero appearing in the LUF column denotes a LUF greater
than the FOT,

25, A -3 in the LUF column denotes a LUF below 3 Me¢/ s.

26. A calculation in any method showing all zeros denotes a
frequency for which the calculation was not completed due to mode :
limitations or the primary calculation for the desired mode exceeded

the absolute value 999, : )
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Viil. COMPLETE FORTRAN LI'ST;NG OF COMPUTER PROGRAM
FOR PREDICTING HF SYSTEM PERFORMANCE
€ MUFLUFeeeeH=F PREDICTIONS BY DeblobkUCAS AND GeWeHAYDON sse0esCRPLécess

€ FORMATS AND STORAGE ASSIGNMENTS
6 FORMAT(10F7.4) 0001
1 FORMAT(2(F5,29F6452)91235F34001293F340912+139F3,092F44094X9A2) 0002
3 FORMAT(10X»15910X9A6 10X+ 4HSSN=F5,0010XsA23F 743/9Xs 11HTR 0003
2ANSMITTERs 13X 9 8HRECEIVER» 12X+ BHBEARINGS s 6X s THNeMILES/TX oF6623Al 0004
32H = sFTe29A105X0F0620A192H = FT7e29A1s3X32F60l94XiF8el) 0005
4 FORMAT (F1040) 0006
5 FORMAT(412) 0007
676 FORMAT(12A6) 0008
7 FORMAT(1X/6X» 0009
H3HGMT 42X 5 3HMUF 9 3X 9 IHFOT 93 (5X+ 3HGMT 52X 9 3HMUF 93X 9 3HFOT )/ 1HO4(4Xe 13 oolo
52F661)/71H04(4Xe1392F6611/71H04(4LXs1302F64s1)/1H0L(4Xs 1392F641) /7 1HOG( 0011
64X91392F6e1)/1HO0GL4Xs1392F601)/1H Al) 0012
DIMENSION AMON(12)s GLATIS)2ABI(24)9ABIY15924)9CLCKI24)0GY(5) 0013
1F25(5924)9F2H(5024) sGML(5024) sGMH (5524 ) sMF(3) s ME( 2) 0014
2+ELD(10)sFLD(10)sF24(5)sGMA(S5)sADJI(4) »ABC(12) 0015
DIMENSION RD(5)sSUN(12)sA(1097914)sRASSNI12)+EMF(5+24) 0016
DIMENSION Q(2096004) 9 ILI4)sJL4)oKLIA)sLK(G)s3JALLIL) +CKC(24) 0017
19G(60)9sAB(60)95(20924)9C(20924) sGAMMA(5+264)9BA(50) 0018
DIMENSION CLAT(5)sCLONG(5)sEMUFY(50264)+FMUFY(5+24)s UFY(5)sFOTY(5) 0019
5516(24) 0020
DIMENSION UF (24)9FOT(2419P(2991698)9ABP(2+6) 0021
DIMENSION AHA{2)9ARA(2)9AVAL2) 0022
DIMENSION X1XX(12) 0023
DIMENSION FREL(12) 0024
COMMON ABP P 0025
COMMON A»Q9GoABSS»CoGAMMA 9sBASEMUFY s FMUFY s IGoUF 9 FOT s SUN9AVA9ARASGLA 0026
1ToABI2ABIYsCLCK9GY9F2S9F2HIGML 9GMH o MF sME2ELDsFLD9F249GMAsADY » ABC » 0027
2EMF s CKCoCLAT 9CLONGsAK 9BK s CKoDK9P] 29EKsEEKsGLT 9 GLGAAAPALAPASAS 0028
BAFCoANCIAWCIAECIASCoAZZ ¢+MANIRSNsKWoPWR 9 JANT 9 JANR9Y2 9 X2 »MOUSE 9 SSN» 0029
4NOCIRoK&s AXsXLONGIAL s YLATsXLAT o YLONGsYL »BTRY yGCDOKMsGCDONMsK 19K29K 0030
53+K59GCD+ IRSN9MON» ID s MOUSE »AY sMETHOD » AHA » BMONS s MAP 0031
COMMON FREL 0032
COMMON XNH9XNL 9 XND s RNH»RNL sRNDsHA s JIGyHAR s XTRoXETASWETA» IHR9MIT 0033
REWIND 2 © 0034
REWIND 3 0035
909 FORMAT(1H1) ‘ 0036
DO 101 I=1,24 0037

101 I1G(1)=] 0038
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CONSTANTS TO BE USED FREQUENTLY
AKS1,745329E=2

BK&5,T729577€1

CK#1311136E2
DK8,0062137
PI2m1:57079
EEK# 46214
GLT=78 4 *AK

GLGS 704 *#AK

AMON(1)5412145606060
AMON(2)5262522606060
AMON (3)5442151606060
AMON (4)8214751606060
AMON (5) 2442170606060
AMON (6 ) 5416445606060
AMON ( 7) 2416443606060
AMON (8)3216427606060
AMON (9) 2622547606060
AMON (10) 5462363606060
AMON (11) 2454665606060
AMON(12)2242523606060
AAA=2606060606060
AFC=266060606060

AHA (1) 2606060603040
AHA(2)2243147464325
AVA(1)=2606060606525
AVA(2)2516331232143
ARA(1)=606060606051
ARA (2)3304644223123
AZZ=006060606060
ANC=6456060606060
AWC=666060606060
AEC=256060606060
ASC=626060606060
FNINE=111111111111
SUN(1)==21,
SUN(2)==13,
SUN(3)=-03,
SUN{(4)=09,
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0039

© 0040
0041

0042

© 0063

0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067

0069
0070

0071

0072
0073
0074
0073
0076
0077



464

12

463

30

3

7770

M
85

10

SUN(5)%18,
SUN(6)=23,
SUN(7)821,
SUN(B8) =14,
SUN(9)=04e
SUN(10)2=08,
SUN(11)e=14,
SUN(12)8=23,
ADJ(1)89,
ADJ(21%17,
ADJ (31820,
ADJ(&)228,

649-'

READ CIRCUIT DATA AND SEARCH DATA TAPE

WRITE OUTPUT TAPE 645909
READ INPUT TAPE $:5;

1 METHOD sME THs IHR s MAP

READ INPUT TAPE 846+ (FREL(1)41314+10)

MIT®1

IF (METHOD) 463+12+463

REWIND 2

WRITE OUTPUT TAPE 64909

REWIND 3

CALL EXIT

L1=2

GO TO (30+530+30+30+31530)+METHOD
Ll=}

NOCIR= 0

MONTH=0

IF(METH) T7770+7771,7770

READ INPUT TAPE $3676sX1XX

WRITE OUTPUT TAPE 3»6769X1XX
IF(FNINE=X1XX(1)) 7770,7771,7770
REWIND 3

READ INPUT TAPE Sel,

1 X1X9oY1Y9eX2X9Y2Y s MONS » SUNS 9 TWR 9 XNHO 9 XNLO 9 XNDO » I TANT 9 RNHO o RN

1LOsRNDO» IRANT s MANNsRRSNs XETAsWETA +HAO

X1=X1X
YlsylYy
X2sx2X
Y2sY2Y

0078
0079
0080
0081
0082
0083-
0084
0085
0086
0087
0088
0089

0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
010l
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
ol12
0113
olls
0115
0116



82

1
15

62

78

e s ot e+ s AT AN L o e o
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TANT =] TANT
TIANR®IRANT
MANSMANN

RSN=RRSN

IRSN=RSN

PWR=TWR

XNHE XNHO

XNL =XNLO

XND=XNDO

RNHERNHO

RNL=RNLO

RND&ERNDO

HASHAD

IF(MONS) 4644511582
LOCK® MONS=MONTH=1
SSN=SUNS

MONT HEMONS
MOUSE=MONS

K2=]

READ INPUT TAPE3+1sX1XeY1Y9X2X3Y2Y o MONS ¢ SUNS 9 TWR 3 XNHO 9 XNLO» XNDO»

1ITANT ¢RNHO sRNLO9RNDQ o TRANT sMANN s RRSN o XETA sWET A »HAD

GO TO 10

GO TO (15s77)eK2
NOCIR=Q

WRITE QUTPUT TAPE 6,909
J16=0

MITs]

KZ=2

IF(LOCK) 774731433
DO730 IU=1,LOCK

0 READ TAPE 2

READ TAPE 2+ ILsJL oKL sLKsJALQsA P+ ABP

READ INPUT TAPE3s1eX1XsY1YsX2X3Y2Y sMONS »SUNS e TWR s XNHO e XNLO # XNDO »
LITANT sRNHO sRNLO 9 RNDO o IRANT sMANN +RRSN 9 XETAsWE TA s HAOD

IF(91e=X1X) 784978916

REWIND 3

READ INPUT TAPE S9l»
1 X1XoY1YoX2XsY2Y sMONS » SUNS o TWR » XNHO s XNLO s XNDO » I TANT 9RNHO 9 RN
1LOYRNDO» IRANT sMANNIRRSN9XETA9sWETA9HAO

IF(MONS) 83,1683

0117
0118
0119
0120
0i21
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135

0136

0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156




83
84

16
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1F (MONS=MONTH) 84416416

REWIND 2
MONTH=0

SSPaSUN (MOUSE ) #AK

BMONS=AMON (MOUSE )

NOCIR=NOC IR+1

Jip=l

JEP=1 )

GREAT CIRCLE DISTANCE AND DISTANCE TO CONTROL POINTS
XXizX1#AK

XX22X2*#AK

YY1sY1#AK

YY2uY2#AK

GCO=SINF (XX1)#SINF (XX2)+COSF (XX1)#COSF(XX2)*COSFIYY2=YY1)
GCO=ACOSF (GCD)

RD(1)=GCD/ 24

RD(2)=18%AK

RD(3)2GCD-18,*AK

RD(4) a9, #AK

RD15)=GCD=9+ *AK

GCDKMaGCO*CK#BK

GCONM=GCDKM#EK

BEARINGSS== FORWARD AND BACKWARD
DF=YY2-YY1
IF(ABSF(DF)1=341641592654) 26922422
IF(DF) 24925425
DF26,283185308+0F

GO TO 26

DF3-64283185308+DF

Yo S#(PI2=XX1+P]2-XX2+GCD)
CIND=SINF(U)*SINF(U=P]2+XX1)
IF(CIND) 27428427

BTRY=11445816*ATANF (SQRTF (ABSF(SINF(U=P]2+XX2)*SINF (U=GCD))/CIND})

1IF(DF) 7029+21+39

IF(XX1=XX2) 28939439

BTRY=180,

GO TO 39

BTRY=360¢=BTRY

RFaYY1l=YY2

IF(ABSF(RF)=3,141592654) 126+122s122

0157
0158
0159
0160
016l
0162
0163
0164

0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177

0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
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122 IF(RF) 12441254125 0195
124 RF26,2831853084+RF 0196
GO TO 126 0197
125 RF2=6:283185308+RF 0198
126 Us 5% (PI2=XX2+P2-XX1+GCD) 0199
CINDESINFIU)I*SINF (U=PT24XX2) 0200
IF(CIND) 8574778457 0201 ‘
87 XTR=11645816%ATANF (SQRTF (ABSF{SINF (U=P]24XX1)#SINFIU=GCD) ) /CIND)) 0202
IF(RF) 8029551479 0203 L
51 IFIXX2=XX11778+79579 0206 ;
778 XTR=180, 0205 ;
6o 10 79 0206 |
8029 XTR #360+=xTR 0207 !
79 1F(4000¢=~GCDKM) 40+41441 0208 ;
40 K1s1 0209 :
K282 0210 |
K3s3 0211 ;
Kasa 0212 :
KS=5 0213
GO TO 43 0214
&1 K181 0215
K2=1 0216
K3=} 0217
Késl 0218
KS=1 0219
c CONTROL POINT LOCAL TIME » GEOGRAPHIC LATITUDE AND LONGITUDE
; 43 DO 61 ITa2L1,26L1 0220
) GMT = [T 0221
COLO=GMT-Y2/15, 0222
1F(260=COLO) 94495595 0223
94 COLO=COLO=24, 0224
GO TO 96 0225
95 IF(COLO) 98,98,96 0226 .
98 COLO=COLO+24, 0227
96 CKC(IT)=COLO 0228
SSL=(15.4GMT=180,) 0229 '
0O 61 11xK14KS 0230
PPsRD(11) 0231
CENLAT=COSF (PP) #COSF (P12=XX2) +SINF (PP ) 0232
1#SINF (P12-XX2) #COSF (BTRY#AK) 0233
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CENLAT= (P]2-ACOSF(CENLAT) ) #BK

CENLG= ( (COSF (PP)=COSF (P12-XX2) COSF(P12=CENLAT#AK) )/ (SINF (P12

1=XX2)#SINF(PI2=CENLAT®AK) })

3000
3001

T

73

72

69

56

87

1F(ABSF (CENLG)=1+) 300130013000

CENLG2ACOSF (CENLG)

CENLGs (YY2=SIGNF (CENLGoDF ) #BK

IF(CENLG) 73972472

CENLG#360,+CENLG

GO TO 69

CENLGECENLG=3604

GEOMAGNETIC LOCATION OF CONTROL POINTS
GATZACOSF(SINE(GLT ) #SINF ICENLAT#AK ) +COSFIGLT)#COSFICENLAT#AK ) #*

1COSF (CENLG*AK=GLG))

GLAT(11)1aP]12-GAT

GLAT (ST )aCENLATY

CLONG (1 118CENLG

SUNS ZENITH ANGLE

2% (SSL=CENLG) #AK
CYCEN=SINF(CENLAT*AK)#SINF(SS5P)+COSF (CENLAT#AK ) #COSF(SSP)#COSF(2)
CYCEN=ACOSF (CYCEN) '

CYCEN=ABSF (CYCEN)

ABSORPTION INDEX 1 AT CONTROL POINTS
IF(102+#AK=CYCEN) 58,5859

ABIY(II+1T7)=20,

GO TO 886
ABIY(IIoIT)=(144,00372#SSN)*COSF(,BB81#CYCEN)I##],3
GO TO (165+166)9K2

ABI(IT)=ABIY(IloIT)

GO TO 61

5 ABI(IT)=(ABIY(1eIT)4ABIY(2+IT)I+ABIY(3s1T)1/3,
L CONTINUE

DO 2112 II=K1leK5

D0 2112 ITaLls24sL1

ABIC=ABIY(IIIT)

E=LAYER DISTANCE FACTOR

ARC=DK#GCDKM

IF(16+=ARC) 88,87+87
ELFCo(({(((~06e368460907E-9%ARC+14334494261E-T)*ARC~54976618436E-6)

0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245

0246
0247
0248
0249
0250

0251
0252
0253
0254

0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266

0267
0268
0269
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L#ARC+20624808315E=4) #ARC=5+038476266E-3 ) *ARC+34761385053E<2) *ARC=1

2:133200756E=2) #ARC+,2085

100 EMC3(((=10,66484998%ABIC+39426151056)%ABIC=~52,41191754)%ABIC+37,67

GO T0 100
ELFC21,02
E=2000 CONTROL POINT MUF

1726072)%ABIC+3,345996232

2112

504

414

412
413

415

408

409

EMF (115 1T)EMC
EMUFY(11417) EMCHELFC

GENERATE CONTROL POINT FOF2 AND M=3000 FACTORS

00 1112 I1#K2,K3
CENLGSCLONG(11)
CENLAT=CLAT(IT)
IFtCENLG) 41244140016
CLG=3604-CENLG

GO TO 413

CLG=ABSF (CENLG)
BOYSSINF (CLG*AK)
COG=SINF (2 #CLG®AK)
DOGECOSF (2 #CLG*AK)
GOB=COSF(CENLAT#AK)
BOG=SINF (CENLAT®*AK)

HOG=COSF (CLGW*AK)
00 500 10=ls6
I=IL(10)
JaJL(10)
KeKL(10)
LaLK(10)

JARJAL (10)

DO 408 KA=leK
KP=KA=1
G (KA) =BOG##KP

LA=0

LOs=L-1

KK=K+1

DO 409 KAsKKsLOs?2
GIKA)=BOG*#L A*GOB*HOG
G(KA+1)=BOGH#SLA*GOB#*BOY
LA=LA+]

L8=0

- 54 =

0270
0271
0272
0273

0274
0275
0276
0277

0278
0279
0280
0281
0282
0283
0284
0285
0286
0287

0288

0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307

4
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410

411

407

503

64

65

68
66

998

(g}

Lbal+l

IMe]=]

DO 410 KAsLLoIM»2

G(KA) #BOG*#L.BEGOR#* 240G
GUKA+1)=BOGH#LB#GOR##24C0G

LB=LB+]
DO 411 JBal4ey

AB(JB) 204

15824981

00 411 Kasl,i
ABIJIB)EABIIB)+QU [SsKA» 10) *GIKA)
DO 407 UB=2,J

BALJB) 20,

[S22#9B8=2

DO 407 .KA=l,]
BA(JB)SBA(JIB)I+Q{ ISIKA»10)#GIKA)
0O 500 IT=L1ls260l1

GMTs [T
CLOCK=GMT=CENLG/15,
IF1240=CLOCK) 64565465
CLOCK=CLOCK=24,

GO TO 66

IFICLOCK) 68168066
CLOCKE2CLOCK+24,
CLEK (1T )=CLOCK
TIME=(154#CLOCK=180,)#AK
DO 998 JB=24J

FB=JB~-1
SIJBsIT)=SINFIFBETIME)
ClJIBeITI=COSF(FB#TIME)
GAMMA(101T)=AB(])

DO 500 JB=2,J

F2-REGION GYRO=FREQUENCY

CALL POLY{197979+CENLG/1804+CENLAT/90¢sY)

GYRO=Y/2,
GY(Il)=Y

5‘55-’

" GAMMA (IO IT)=GAMMA (1O IT)+AB(JB)I®CIJBIIT)+BA(JIB)I*S(JBIIT)

F2-LAYER CONTROL POINT F2=4000 MUF

DO 1112 IT=L1s24,L1
FALSEGAMMA (1 9 IT)IRGAMMA (39 1T)#],1

0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0240

0341
0342

0343

0344
0345



157

15e Fkﬁci((i((056.712654756£séfwﬁc+a549151441E67»’AR¢695935&31104E66)*

- 56 «

F2stIlelT)sF2LS
F2HS®GAMMA (25 1T ) #GAMMA (4s IT)*141]

F2H(I1+IT)aF2HS
F2=LAYER DISTANCE FACTOR
1F1244=ARC) 15791575158
FLFC=1,

GO0 7O 159

2699243101E-3)#ARC

159

1112

603
602
604
1007

1008
1009

1010
1011

1000

605

GAMMA(151T)=GAMMA(13IT)+GYRO

GAMMA (21T )=GAMMA (2, IT)+GYRO

FMLSEGAMMA (1 IT)4FLFC# (F2LS<GAMMA(1+1T))
GML{TTI+IT)=GAMMA(1,+1T)

FMHS2GAMMA (2 IT)+FLFC* (F2HS=GAMMA(251T))
GMH(I151T)aGAMMA(241T)

F2=LAYER CONTROL POINT MUF
FMUFY(IIoIT)®(FMLS#(180s=5SN) +FMHS#{SSN=104))71704
CONT INUE

CIRCUIT MUF AND FOT
DO 1012 IT3L1s24,L1

GMT=IT

DO 1000 11sK24K3

IF(IK2+~1) 60246034602

IRs]

GO TO 604

IR=1]+2

IFLEMUFY(TReITI=FMUFY(I1+1T)) 1007+1007+1008
UFY(11)=FMUFY(I1,1IT)

GO TO 1009

UFY(TE)=EMUFY(IRsIT)

FOTFY=o85%FMUFY(I141T)
IFC(EMUFY(IRsIT)I=FOTFY)) 1010+1011+1011
FOTY(I1)=FOTFY

GO TO 1000

FOTY(I1)SEMUFY(IRsIT)

CONTINUE

11=K2

UF{IT)=UFY(1)

0346

0347

0348

0349

0356

0351
0352
0353
0354
0355
0356
0357
0358
0359
0360

0361
0362

0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
0380
0281
0382

[EEACEOPE
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FOTLIT)=POTY (1)
60 TO 1012
606 IF ( UFY(2)= UFY(3)) 607+607+608
607 UFLITI=UFY(2)
GO TO 609
608 UF{IT)ISUFY(3)
609 IF (FOTY(2)=FOTY(3)) 610+610+611
610 FOT(IT)aFOTY(2)
. G0 TO 1012
611 FOTCITI=FOTY(3)
1012 CONTINUE
IRY=BTRY/10.
TRYSIRY
HARETRY+300001#GCONM
XLAT#ABSF(X1)

* XLONG=ABSF (Y1)
YLAT#ABSF(X21)
YLONG=ABSF (Y2)

AX=ANC
IF(X1) 700,701,701
700 Ax=ASC
701 AL=AWC
IFLY1l) 702,703,703
702 AL=AEC
703 AY=ANC
IF(X2) 70437054705
704 AY=ASC
705 YL=AWC
IF(Y2) 7064222192221
706 YL=AEC
2221 GO TO (22239222492224922249222492224) 9yMETHOD
2223 IF(MAP) 3223,3223+3224

' 3224 CALL CURVY(FOTUF)
GO TO 10
. 3223 WRITE OUTPUT TAPE 6+3sNOCIRsBMONS »SSNsHAsHARsXLAT s AX s XLONGsAL »

1YLAToAYsYLONGs YL 9 XTR3BTRY ¢GCDNM

WRITE OUTPUT TAPE 647,

1 (IG(I)oUF () oFOTII)2IGUI+6)sUF(146)sFOT(I+6)9IG(I+12)
2 QF(I*}Z);FQT(]+1Z)QIG(!#IG)vUF([tlﬂ)DFQT(l*la)'l!loé)oAAA
IF(3=MIT) 96999694970

0383
0384
0385
0386

0387

0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
0407
0408
0409
04l0
0411
04l2
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422

e



969 WRITE OUTPUT TAPE 6,909
MIT=l
GO 70 10
970 MITaMIT+1
GO T0 10
2224 CALL LUFFY
GO T0 10

END

- 58-

0423
0424
0425
0426
0427
0428
0429
0430

B e
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SUBROUTINE LUFFY
FORMATS AND STORAGE ASSIGNMENTS
DIMENSION FDEK(10),EDEK(10)

DIMENSION AMON(12)+ GLAT(5)sABI(24)9ABIY (50249 +CLEK{24)3GY(5)
1F25(85624 )19 F2H15924) 9GML(5924) »GMHI5924 ) 9MF (3)sME(2) oELL (10)oFLL (10
21 9ELD (101 oEDEL (10) ¢FLD110) »FOEL(10)+F24(5) 9GMALS) sFLF(10) 9FSKY(10)
39ESKY(10)+GE(10)9GF(10)sFSE(I0)sFSFL10)sNOSILI1)oFXMT(10)+EXMTILO) s
4FRCR(10)¢ERCR(10)9ADJ (4 ) s ABC(12) sMODE (12)

DIMENSION Q(20+6054)s1L{4)2JL(4) sKLIG)sLKIG)3JALEGL) +CKE(24)
10G(60) vAB(60)5S120524)9C120+24) +GAMMA(5+24)+BA160)

DIMENSION RD(S5)sSUN(12)9AL1007+14)+sRASSNIL2)9EMFI5524)

DIMENSION CLAT(5)+CLONG(G) +EMUFY(5924) sFMUFY(5924) 9 UFY(5)4FOTY(5)
591G 24)

DIMENSION UF(24) sFOT(24)sFF124) 9P (29416+6)0ABP(1246)

DIMENSION AHA(2) sARA(2)sAVAL2)sRANT(2) s TANT(2)

DIMENSTONNXLOS(11) oNANGLE(21)

DIMENSION TOP(4)

DIMENSION IFR(10)

DIMENSION FREL(12)

COMMON. ABP P

COMMON AsQsGosAB9SsCrGAMMA sBASEMUFY s FMUFY s JGoUF o FOT 3 SUNSAVA»ARAGLA
1T oAB1 s ABIY oCLCK 9GY 9F 259 F2H osGML s GMH s MF ¢ME o ELD o F LD F24 »GMA s ADJ 9 ABC »
QEMF 9 CKCoCLAT sCLONGoAK 9 BK o CK9DKsPI 295K yEEK9GLT 9 GLGoAAASALAIASAY
BAFCoANC s AWCHAECIASCoAZZ ¢ MANIRSNIKWIPWR s JANT 9 TANRSY2 9 X2 1 MOUSE 9 SSN
GNOCIRIK&y AXIXLONG AL sYLAT9XLAT o 7LONGsYL o STRY s GCDKMGCDONMoK ] 9K29K
53 oK59GCD o IRSNsMON» 1D s MOUSE ¢ AY +METHOD » AHA s SMONS o MAP

COMMON FREL

COMMON XNH ¢ XNL ¢ XND 9 RNH o RNL sRND s HA 9 J1G 9 HAR 9 XTR o XETAsWETA s IHR oM T

COMMON KAP oKUP yMA s TANT 3 INH 9 INL » IND s RANT s JNH ¢ JNL 5 JND
2 FORMAT(2X02A691X 913 51HH1Xo13s1HL 91Xy 1303HDEGe12X96HNOISE=]3 912X 04

.

1 FORMAT(2X9s2A691Xs 139 1HHs1X91391HL 91X e 13+3HDEGs4Xs6HNOISE=1342A601X
191391HH1X91391HL 91X+ ]3+3HDEG)

80 FORMAT(6X s4HPWREF64292HKWe11X921HOPERATING FREQUENCIESs9X+s14HFIELD

1 STRENGTH/SXe14HGMT MUF  FOTs1Xe1014s4H FOT)

3 FORMAT(10Xs]5+10XsA6 10Xs4HSSN=F5,0910X9A20F743/9X 11HTR
2ANSMITTER 13X 9 BHRECEIVER + 12X ¢ BHBEARINGS 06X o THNGMILES/TX sF6429Als
32H = oFT7e290A105XsF8e20A192H = sFT7029A193X02F6e104XyFB,1)

4 FORMAT(6Xo4HANT=]1392HDB 13X o6HNOISEZI397X02A691X21301HH1XsI301HL
11X+1393HDEG)

0001

0002
0003
0004
0005
0006
0007
00608
0009
6010
0011
0012
0013
0014
0015
0olé
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039

T vt e e vl et ey e ST ke B 2 0

b an i i k.

e i et i i Bul it e adatian § - et



1
1

il

= 60 -

9 FORMAT(4X91392F6,1/20X911(135A1056H MODE/20Xs1114s7TH ANGLE/4Xs
21392F60191Xs1114913H RELIABILITY)

12 FORMAT{1X3sA2sF743+15,2F1042)

13 FORMAT(6Xs4HANT 13 2HDB 20X 6HNOTSE=]3 920X s 4HANTE1392HDB)

14 FORMAT(6Xs4HPWREFG 42+ 2HKW 11X 32 1HOPERATING FREQUENCTIESs 10X +8HREQSS
1/Ns13+2HDB/5X914HGMT MUF  FOTs1Xs1014e4M FOTH

29 FORMAT(&4X»13+2F6,1720X511¢13sA1)96H MODE/20Xs11149TH ANGLE/GXS
213902F64191X9111449H S/Ne o0B)

34 FORMAT(6Xs4HPWREF6,425s2HKW316X»13HRELIABILITIES 913X +8HREQsS/NS[342H
108/9Xs14HGMT MUF  FOT+1X51014s9H FOT MCS)

7 FORMAT (6X»
HIHGMT 92X 9 3HLUF 93X+ 3HFOT » 3 (5X 9 3HGMT 5 2X 9 IHLUF 93X $3HFOT) 7 1HO4(4Xe13»
52F661)/71HOG(4X91392F641)/71H0G(GXs1392F601)/LH0G(4Xs1342F641)/72HOG(
64X3[3+2F661)/71HOL(LXs1392F661)/1H ALY

8 FORMAT(31Xs21HOPERATING FREQUENCIES/5X+14HGMT MUF  FOT+1Xs1014s
14K FOT)

19 FORMAT(4Xs13+2F641/720Xs11(135A1)96H MODE/Z20X91114s7H ANGLE/Z&Xs
21392F60101X91114,310H LOSSee08)

89 FORMAT(4Xs1392F641/20Xs110130A1)0s6H MODE/20Xs11144TH ANGLE/&Xs
21392F6e191X9s1114e5H DBU)

26 FORMAT (6Xs4HPWRSF 642 9 2HKW 42X 9 8HREQeS/N21392HDB)

TO FORMAT(6X s IHGMT 92X 9 3HLUF 9 3X93HFOT 030 5Xe3HGMT ¢ 2X 9 3HLUF 9 3X 9 3HFOT) /1
THO& (4X 9 1396X9F6el1)/1HOGLLX913902F601)/1HOGI4XsT1396X3F601)/1HOLLXs]
2392F601)/1H04 16X 0 1396XsF6e1) /1H0GL4Xs 1392F6el)/1H AL)

94 FORMAT (8Xs13+2F6elsiXs1114)

907 FORMAT(1HO/1HO/1HO)

908 FORMAT(1H )

909 FORMAT (1H1)
FREL(11)=500,
FREL(12)2500,

DO 6461 1A21,410

461 IFR(IA)=FREL{IA)
BEARINGS OF RHOMBICS
IF(XETA) 132091320,1321

32) XETA=ABSF(XETA=XTR)

211 XETA=2360,=XETA

320 IF(WETA) 1323,1323,1324

324 WETA=ABSF (WETA-BTRY)
IF(WETA=180s) 1323+13235210

0040
0041
0042
0043

‘0044

0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071

0072
0073
0074
0075
0076
0077
0078
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210
1323

5612

5613

8400
3220

3221
3219

e i LT - [OOSR

WETA=360,=WETA

XQ%,001

RO=,001

XPx4,

RP=4,

INH= XNH

INL&XNL

IND2XND

JNHSRNH

JNL ZRNL

JNDERND

N1G=0

JIGEJIG+]

MA®XABSF (MAN )

CONSTANTS TO BE USED FREQUENTLY
TOP(11=205

TOP( 21820,

TOP(31225,

TOP(4)%2345

RO%637646

KIP=]

IF(MAP) 5612+5612+5613

WRITE OUTPUT TAPE 643,

1 NOCIRBMONS s SSNIHA ¢HAR ¢ XLAT s AX s XLONG s AL s YLAT 9 AY o YLONG s YL »
2XTRsBTRY s GCONM :
FK869,057

LZP=])

LIP#]

MiPs2

IF(IHR) 8400+8400,3219

GO TO (321993219+3220+3221+3219+3219)sMETHQD
MIP=]

GO TO 3219

MA=0

DO 3214 IT=MIPy249MIP
FREL(11)=FOT(IT)

JUGs0

KAT=1

DO 251 fJu=1,11

NANGLE (1J)20

e AR R o SRS

0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092

0093
0094
0095
0'096
0097
0098
0099
0lo00
0101
0102
0l03
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0lls
0115
0116
0117

.§0

.



251

926

n\'

928

9217

929

1032
1033

930

c
1934

MODE 1) =0

ABC(1J)8A22

FREQ=FREL (1)

OFREG=3,

NF&]

F2 REGION LAYER HEIGHTS

FLa0,

DO 926 11#K1sK3 i
CALL POLY(25797+CLEKIIT)/10e=162+CLAT(11)/904sY)

FLEFL+Y
RK&K 3
FLEFL/RK#100,

GO TO (927+928)4K2

MODE CHOOSING F2 AND E=LAYER
ME(1)8GCDKM/20004+49
ME(2)sME(1)+]
MF(1)=GCDKM/4000s+48
MF(2)SMF(1)+1

MF(3)=MF(2)+1

GO TO 929

ME(1)=]

ME(2)82

MF(1)=]

MF{2)=2

MFi(3)%3

RADIATION ANGLE == E-~LAYER MODES
DO 930 IK=1,2

IMaME( IK)

Pl=ME(IK)

ELD( IM)=GCOKM/PI

EDEL ({ IM)=ATANF((COSF(GCD/(24%P1))=RO/(RO+1104))/SINFIGCD/(2+%P1)})

1#8K

IF(EDEL(IM)) 1032+930,930

DO 1033 Il=1s2

ME(IT)=ME(II)+]

GO TO 929

CONT INUE

RADIATION ANGLE=- F2-LAYER MODES
DO 931 IK=1y3

IMsMF ( IK)

0118
0119
0120
0121

0122

0123
0124
0125
0126
0127
0128
0125

0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140

0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151

0152
0153
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932
1933

940

9%1

933

939

1663

2900

o e et B R
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PlziM

FLD(IM)2GCOKM/P]

FOEL { IM) 8ATANE ( (COSF(GCD/ (24 %P 1)) -RO/{RO+FL
1#BK

[F(FOELtIMY) 93249315931

DO 1933 1i=1,3

MFCIT)Y=MFCTT)+1

GO TO 1934

1 CONTINUE

GO T0(933,934)4K2
PENETRATION FREQUENCIES ==E=REGION
DZ2EMF(431T)

DY=EMF (5,1T)

IF(DZ=DY) 940:9460+941
ZR2D2

1282

253DY

GO TO 9239

ZR=DY

1223

252D2

6O TO 93%

ZREEMF(141T)

25=2R

DO 1663 11=1+10

ELL(11)=0,

FLL(II)=0,

DO 827 I1=1s2

IM=ME(IT)

ERCR(IM) =0,

EXMT(IM)=0,

MODE ELIMINATION £ AND F2 REGIONS
ARZ=ELD(IM)*DK

1F(16e=ARZ) 2900+2900,2901
ELFK=1.02

GO TO 2902

)Y/SINFIGED/ (2%PL)))

2901 ELFK=((§(((=64368660907E-9*ARZ+14334494261E~T)#ARZ=54976618436E-6)
1#ARZ+24626808315E~4) *ARZ=54038476266E-3)*AR2+34761385053E~2) *ARZ=1

2902

24133200756E-2)#ARZ+,2085
Y=ZR#ELFK+405

D L At T 8 ey $1 e

0156
0155
0156
0157

‘0158

0159
0160
o161
0162
0163

0164
0165
0166
0167
0168
0169
0170
0171
0112
0173
0174
0175
0176
0177
0178
0179
0180
018}
0182
0183

0184
0185
0186
0187
0188
0189

0190

0191

EETa—
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IF(Y-FREQ) 328,328,827 0192

328 ELL(IM)=1000, 0193
827 CONTINUVE 0194
00 227 11213 0195
IMaMF (1 1) 0196
FRCR(IM)&0, 0197
FXMT (IM) %0, 0198
AR25§052.5(¢12=FBEttiM)*AxéAerFoROiSINF(ﬁiszoEL(iﬂrﬁkﬂaltﬁaﬁiioa 0199
1))1)#DK 0200
IF(166=ARZ) 2903+2903,2904 0201
2903 ELFK=1,02 0202
GO TO 2905 0203

2904 ELFKa(tI(((=4:36846090TE~9#ARZ+1:334494261E=T)%ARZ=5:976618436E=6) 0204
1#ARZ+24624808315E=4)#ARZ=5,038476266E=3)*ARZ+3+761385053E=2) *ARZ=} 0205

2+133200756E=2)#ARZ+32085 0206

2905 YSELFK#254;:05 0207

; IF(Y=FREQ) 22742274228 0208
' 228 FLL(IM)=1000. 0209
227 CONTINUE 0210

DO 946 I1sK2¢K3 0211

f F26(I1)=(F25(11s1T)#(180,=SSNI+F2H(TI+ITI#(SSN=104))/170, 0212
§ 946 GMALTI)=(GMLIIIoIT)#(180,=SSN)I+GMH(IT+IT)*(SSN=10e)1/170¢ 0213
5 S1=(FREQ=GMA(K2) )/ (F24(K2)=GMA(K2)) 0214
' $28 (FREQ=GMA (K3) ) /(F24(K3)=GMA(K3)) 0215
§ IFIS1-52) 9479947948 0216
; 947 R#S2 0217
§ GO TO 949 0218
g 948 Rz2S) 0219
% 949 DO 945 IK=ls3 0220
; IMaMF (1K) 0221
§ IF(FLLUIM)) 508+508,945 0222
§ 508 ARKsFLD(1M)#DK 0223
¢ FLECIMI = ((({((=64T12654756E~9%ARK+4449151441E=7)*ARK=9,985831104E~ 0224
; 16) #*ARK+648652596817E=5) #ARK+94202437332E~5) #ARK+2+ 26463434 1E=3 ) #ARK 0225
2+44699243101E=3) #ARK 0226
IF(FLF(IM)=R)} 950+945,945 0227

930 FLL(IM)=1000, 0228

945 CONTINUE 0229
GYR=(GY(K2)+GY(K3))/2¢ 0230

GO TO (1740+9119)K1P 0231

e e nsil B



ermmeten 4 g o

138

[(g]

1740

1701
1702
1703

826

9119
953

985

600

726

565'-

MAJOR LAND BODIES

WLD=0,

DO 826 Il1=K1lik3

FF (CLONG¢II)) 1702,1702+1701
€2G=360+=~CLONG( 11

GO TO 1703

C2G=ABSF (CLONG(TI M)

CALL NOISY{63X29C2GaY)
WLDEWLD+Y

WDSWLD /RK

IF (WD) 95349544954

ER=80,

SIGMA=S5,

GO TO 955

ER=4,

SIGMA=,001

E=LAYER MODES

GROUND LOSS REFLECTION FACTORS AND LOSS
DO 726 Il=1,2

IMsME(1])

IF(ELL(IM) 160056000726
RS2[M=1

CALL LOSS(EDEL(IM)+ERVFREQsSIGMA,Y)
GE(IM)SABSF(Y#RS)

RIzIM

SKYWAVE ABSORPTION

ESKV(]M)!61505CRI'A51(IT)I(COSF(ASINF(RO*SINF(912+€DEL(!M)*AK)/(RQ

1+41004) ) )#(FREQ+1412%GYR) ##],98)

RS=IM '

ANGLE AT IONOSPHERE
PHE=RO#SINF (PI2+EDEL ( IM)*AK) / (RO+110,)
FREE SPACE LOSS

ZOR= GCD/(24%*RS)

FR= (2o #*RS*SINF (ZOR)#RO/PHE ) *EEK

FSE(IM)=36458+204#LOG1O0F (FR)+20+#LOG)OF (FREQ)

CONTINUE

F2=LAYER MODES

GROUND LOSS REFLECTION FACTORS AND LOSS
DO 626 I1%1,3

IMsMF(11)

0232
0233
0234
0235
06236
0237
0238
0239
0240
0241
0242
0243
0246
0245
0246

0247
0248
0249
0250
0251
0252
0253

0254
0255
0256

0257

0258
0259
0260
0261

o O
~ N
o O
W IN

i
H
H
{
i




601

626

181

82

32

w
L

180

603

66 =

[

IF(FLL(IM)) 60146015626

RS=IM=1

CALL LOSS{FDEL{IM)sERsFREQsSIGMASY)
GF{1M) 2ABSF (Y#RS)

RI=IM

SKY WAVE ABSORPTION
ESKY(IM)2615,5%RI*ABT(1T)/(COSF (ASINF (RO*SINF (P[2+FDEL ( IM)*AK)/ (RO
141006) ) ) #(FREQ+1412#GYR) ##1,98)
RSEIM

ANGLE AT IONOSPHERE
PHE=RO#SINF(PI24FDEL ( IM) #AK) / (RO+FL)
FREE SPACE LOSS

20Ra GCD/(2.#RS)

FR&(2,#RS*SINF (Z0R)#R0O/PHE ) *EEK
FSF(IM)%36:58+4204*LOG1OF(FR)+20+#LOG10F (FREQ)
CONT INVE

ANTENNA DETERMINATION

KAPSXABSF (1ANT)

IF(IANT) 18 ,1814181

KAP=4

DO 82 I1=142

IMsME( 1)

EXMT (IM) =L ANT

DO 62 11=1,3

IMsMFLTT)

FXMT(IM)sIANT

GO TO 1185

GO TO (31932+33)9KAP

TANT (1) =ARA(1)

TANT(2)2ARA(2)

GO TO 180

TANT(113AVA(])

TANT(2)2AVA(2)

GO TO 180

TANT (1)=AHA(])

TANT (2)3AHA(2)

DO 182 I1=21s2

IM=ME(I )

IF(ELL(IM))603,603+182

CALL GAIN(KAP)EDEL (IM) oXETAIFREQsXQoXP o XND s XNL s XNHoEXMT ( IM))

0264
0265
0266
0267
0268

0269
0270
0271

6272
0273
0274
0275
0276

0277
0278

0279

0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
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g

482

582

187

Tal

42

43

2 CONTINUE

POWER GAIN OF TRANSMITTING ANTENNA

DO 382 I1sle3

IMEMF(11)
IFIFLLEIM)) 605+605,382

CALL GAINCKAPoFDEL(IM) s XETAIFREQeXQoXP o XND o XNL ¢ XNH o F XMT ( tM) )

CONTINVE

IF(METHOD=4) 185+1844+185
IF(IHR) 18541855183
T1ANR=D

MA=0

KUP=XABSF( JANR)

IF (IANR) 187,281+281

KUPa4
DO 482 113143
IMsMF(11)

DO 582 I1s1,2
IM=ME(11)
ERCR(IM)=[ANR

GO TO 128%

GO TO (T741+42+43) oKUP
RANT (1) =ARA(1)
RANT(2) =ARA(2)

GO TO 280
RANT (1) =AVA(1)
RANT(2)=AVA(2)

GO TO 280
RANT(1)=AMA(])
RANT(2) =AHA( 2)
RESPONSE OF RECEIVING ANTENNA

D DO 282 11%1,3

IMEMF(I1)
IF(FLLUIM)) 60796075282

507 CALL GA[N(KUP.FDEL([M)rHETAoFREQ.RQtRPwRNDQRNLQRNHWFRCR(IM))

282

609

CONT INVE

DO 782 I1=1s2

IMsME(T])

IF(ELL(IM)1609,609,782

CALL GAIN(KUP+EDEL(IM) yWETA+FREQsRQsRP sRND yRNL sRNHsERCR( IM))




R

782
1285
285
286
1331
233

330
335

336

232
388

33
9732

332
334

36

35
333

1725

960

961

568 a

CONTINUE

IF(MAP) 285,285,388

GO TO (2864+388)5L1IP

GO TO (3309330+330+1331)+KAP

GO TO (232+2329232+233)9KUP

WRITE OUTPUT TAPE 64139 IANT+MA+»1ANR
GO TO 388

GO TO (335+335+335+336)9KUP

WRITE QUTPUT TAPE 641
1 TANT o INH s INL o IND o MA »RANT s JNK 3 INL 5 IND
GO TO 388

WRITE OUTPUT TAPE 6424
1 TANT » INH s INL 3 IND +MA s TANR

GO TO 388

WRITE OQUTPUT TAPE 694+ IANTIMASRANT ¢ INH ¢ INL 5 IND
LiPa2

D0 333 [1sK2,K3

T1P=0,

DETERMINATION OF TYPE OF CIRCUIT(POLARITEMPERATEETC)
RM=ABSF(GLAT(II))

IF(RM=60,%#AK) 331+331,332

D=1

IFLABIY(191IT)) 9732497329333

TIP=5,

GO TO 333

IF(RM=T0,%#AK) 3344334, 35

10=3

IF(K2=1) 333,333, 36

1D=4

GO TO 172%

1D=2

CONTINUVE

TRANSMISSION LOSS E~LAYER MODES

DO 960 II=192

IMsME(I])

ELL(IM)=ESKY (IM)+GE( IM)+FSE(IM)=EXMT ( IM)=ERCR(1M)+ADJ(ID)+ELL(IM)

LD=ME(1)

LE=ME(2)

IF(ELLILD)=ELL(LE)) 96199619962
ELOS=ELLI(LD)

0338
0339
0340
0341
0342
0363
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355

0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368

0369
0370
0371
0372
0373
0374
0375



L e i e e L L

[a]]

962

963

964

965

966

967

968

969

970
971

972

=69 =

MDE LD 0376
GO0 TO 963 0377
ELOSZELLILE) 0378
MDE #LE 0379
TRANSMISSION LOSS F2=LAYER MODES '
DO 964 1i%1+3 0380
IMeMF(LT) 0381
FLLCIM) =FSKY (IM)4GF ( IM)4F SF (IM) =FXMT { IM) =FRCR ( IM) +ADJ (1D) +FLL(IM) 0382
LGEMF (1) 0383
LHEMF ( 2) 0384
LJEMF(3) 0385
IF(FLLILG)=FLLILH)) 965+965:966 0386
FL1SFLL(LG) 0387
MOF=LG 0388
GO TO 967 0389
FLIZFLL(LH) 0390
MDF sLH 6391
IF(FL1=FLL(LJ)) 968,968+969 0392
FLOS=FL] 0393
G0 T0 970 0394
FLOS=FLL(LJ) 0395
MDF=LJ 0396
IF(ELOS=FLOS) 97199714972 0397
NXLOS (NF)=ELOS 0398
NANGLE ( NF ) SEDEL (MDE)1+45 0399
MODE ( NF ) =MDE 0400
ABC (NF ) =AEC 0401
GO TO 911 0402
NXLOS (NF ) =FLOS 0403
NANGLE ( NF) =FDEL (MDF)+¢5 0404
MODE (NF ) aMDF 0405
ABC (NF ) =AFC 0406
MIXED MODES OF PROPAGATION

1 FHOP=MF(1)-1 0407
IF(FHOP) 3903,3903,3898 0408
XHOP=FHOP+1 ¢ 0409
AVERAGE HEIGHT OF REFLECTING LAYERS
EFHT=(110,4FHOP#FL) /7 (FHOP+1,) 0410
RADIATION ANGLE
EFDEL=ATANF{ (COSF(GCD/ (2 *XHOP ) )~RO/ (RO+EFHT) ) /SINF(GCD/ (24 *XHOP) ) 0411



ke 7 AR TP, A SN S ESTAS L G L TR S e s e et

- 90 -
1) #8K 0412
4 ANGLE AT [ONOSPHERE
PHEZRO*S INFAPI2+EFDEL#AK) /tRO+1104) 0413
ARZ2794138% (P 2=EFDEL*AK=ASINF(PHE)) 0414
IF(EFDEL=1+) 3899+3900+3901 0415
3899 FHOP=FHOP+1. 0416
GO TO 3898 0417
< MODE ELIMINATION .
3900 ELFK=1402 0418
GO TO 3902 0419

3901 ELFKS({(1{(~44368460907E-9*ARZ+14334494261E=7)#ARZ=5,976618436E=6) 0420
1%ARZ2+24+6248083156=4) #*ARZ=5,038476266E=3)*AR2Z+3,761385053E~2) #ARZ=1] 0421

‘ 26133200756E=2)#ARZ+,2085 0422
3902 YSZS®ELFK 0423
4332 IF(Y=FREQ) 3903+3905:+3905 0424
3903 NOS(NF)=1000, 0425

GO TO 612 0426
3905 Y=ZR#ELFK 0427
IF(Y=FREQ) 650+6504651 0428
651 NOS(NF)=210004 0429
GO TO 612 : 0430
650 ARK=(GCDKM*DK=ARZ ) /FHOP 0431

FLFK FOLOLI1=64T12654756E=9%ARK+4049151441E=7)%ARK=9,985831104E= 0432

161 #*ARK+6,865259817E=5) #ARK+94202437332E~5) #*ARK+24266634341E-3) *ARK 0433

2444699243101E=3) #*ARK 0434
i REF= (FREQ=GMA(12))/(F24(12)-GMAL]2)) 0435
' IF(FLFK=REF) 6521653,653 0436
652 NOSINF)=21000, 0437
GO TO 612 0438
C SKY WAVE ABSORPTION
653 EFSKY=615¢5*XHOP*ABIY(1s1T)/ (COSFIASINF(RO*SINF(PI2+EFDEL*AK) /(RO 0439
1+1006) ) ) #(FREQ+]1¢12#GYR)##]1098) 0440
€ GROUND REFLECTION LOSS
3908 CALL LOSS(EFDELsERIFREQsSIGMA4Y) ' 0441
3909 GEF=ABSF (Y#FHOP) 0462
C ANGLE AT IONOSPHERE
SPHE=RO*SINF (P12+EFDEL#AK )/ {RO+EFHT) 0443
C FREE SPACE LOSS
ZOR3GCD/ (2% (FHOP+1,4)) Qbbb

FRE{2+%(FHOP+14)*#SINF (ZOR)%*RO/SPHE ) *EEK 0445

-



3181

o

3180
. 3182
3184

622
624

3869

Q

8888

° 8887
8889

EFSF£36+58+20,#LOG1OF(FR)+20s*LOG10f (FREQ)

GO TO (3180+31804+318043181)9KAP

EFXMT=TANT

60 TO 3182

POWER GAIN OF TRANSMITTING ANTENNA

CALL GAIN(KAPIEFDELsXETAIFREWQ»XQ s XP o XND 3 XNL 3 XNH +EF XMT )

GO TO (3183+31834+318343184)4KUP

EFRCR=1ANR

GO TO 3190

RESPONSE OF RECEIVING ANTENNA

CALL GAIN{KUPIEFDELsWETAIFREQIRQ+RP sRND sRNL o RNH +EFRCR )

TRANSMISSION LOSS
NOS(NF)=EFSKY+GEF+EFSF=EFXMT=EFRCR+ADJI( ID)

IF(NOSINF)I=NXLOSINF)) 62346224622

NANGLE (NF ) 2EFDEL+45

MODE (NF ) =FHOP+14

ABC(NF) 2676060606060

NXL0S (NF ) =NOS (NF )

IFINXLOSINFI=990 ) 69119624+624

ABC(NF)13A22

NANGLE (NF) =0

MODE (NF ) =0

GO TO 8740

KAJ=1

GO TO (691296912+69129977996912+6912) sMETHOD

POR=10+#LOG1OF (PWR*1000,)

IF1JUG)3869+3869,8712

IMC/S ATMOSPHERIC NOISE DETERMINATION

CC:@KC(IT)

LIB=4
I1CC=CC/2.
IF(ICC) 8889+8889+8888

GO TO (8701+8701+8702+8702+8705+8705+8706+8706+8708+8708+8887
1888714 1CC

CC2CC-24

KJ=1

TM==2,

JK=1

GO TO 8703

RS ety B AT RSSO S ! B B SUR T L ] T} e

0446
044l
0648
0449

0450
0451
0452
0653

0454

0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469

0470
0471
0472
0473
0474
0475
0476
0677
06478
0479
0480
0481



L e e

8701

KJ=l
T™=2,
JKE5

GO 70 8703
02 KJ=5

8706

8708

8703
9701

9702
9703

8713

8715
8714
8716
8717

TM%6.o
JK=4
KAJ=2
6O TO 8703

5 KJ%4

T™M=210e

JK=3

LiB=5

GO TO 8703

KJE3

TM=14,

JK=2

L18=5

GO TO 8703

KJe2

TM=18,

JK=)

KAJS2

1F(Y2) 970249702+9701
CEG®3604-Y2

GO TO 9703

CEG=ABSF(Y2)

CALL NOISY(KJeX2 +CEGATNO)
CALL NOISY(JK»X2sCEGeATNY)
ATNQ=(ATNO+(ATNY=ATNO) # (CC=TM) /4,
L.0B=0

JUG=JUG+1

GO TO(BT12+8713)¢KAJ

FREQUENCY DEPENDENCE OF ATMOSPHERIC NOISE

MOT=MOUSE/3

IF(MOT) 871498715+8714
MOT=4

IF(X2) 87169+8717+8717
LOB=1

IF(MOT=3) 8718487198719

-3

0482
0483
0484
0485
0486
0487
0488
0489

0490

0491
0492
0493
0494
0495
0496
0497
0498
0499
0500

o501

0502
0000
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513

0514
0515
0516
0517

0518 :

0319

JRESURPRNE TPHPRRE PR o, <2

FPERPERINY




8718

8719
8712
2179
2130
2178

8721

8720
c

9797

8722

5735

L1B=5-L08B

G0 TO 8712

LIBa4+L0B

IFILIB=4) 2179+2179,2178

IF(ATNG=20,) 2130217842178

ATNQ=220,

CALL POLY(LIBy797+ATNG/10¢=54+FREQ/10e=1435+Y)
ATNO=Y#104+130,

GALACTIC NOGISE

IF{FREGQ=GMA(2)) 8720+87204+8721

GNOS= (((((L((41095032130E=10%FREQ+02442852795E~8)#FREQ-415854096

240) #FREQ=¢1701088795E+1 ) #FREQ+¢1121130396E+2) #FREQ=03426395658E+2)

3HFREQ+42020285454E+3

GO TO 9797

GNOS£1000.

MAN MADE NOISE

IF(MAN) B8722+87234+8723

KJ=XABSF (MAN)+5

S0B=0.

CALL POLY (KJs1+10+S084FREQsY)
XNO]S=Y

GO 70 8724

XNOT S=MAN

DETERMINATION OF CONTROLLING NOISE
RCNSE=ATNO

IF (ATNO=GNOS) 8725872548726
RCNSE=GNOS

IF (RCNSE=XNOIS) 8729+8729+8728
RCNSE=XNOIS

AVAILABLE SIGNAL-TO=NOISE RATIO
XLOS=NXLOS (NF)

ROT = XLOS-POR

GOT=RCNSE-ROT

GO TO(505+505+50595055054506) »METHOD

5 NXLOS(NF)=GOT

GO TO 9777

WANT =GOT=RSN

CIRCUIT RELIABILITY

IF(ABSF (WANT)=(TOP(ID)+TIP))867+867+868

0520
0521
0522
0823
0524
0525
0526
0527

0528
0529
0530
0531
0532
0533
0534

0535
0536
0537
0538
0539
0540
0541

0542
0543
0544
0545
0546

0547

0548
0549
0550
0551
0552
0553

0554



3207
3201
3202

3203
3208

3209
4850
3204
9779

9778

97

R T = 2 e N

8 RELZSIGNF{100.sWANT)

GO TO 869

KJ=[D+10

GO TO (888+873348733+8733),10D

B IF(ABIY(1s1T)) 8733+8733,8732

KJ3KJ=1

3 CALL POLYUIKJ+5+10+FREQ/106<1e35sWANT/1043Y)
RELEY#10:+504

IF(ID=1) B734:8734,8735
XRL=29D,

GO 70 8736

XRLE99 ¢

IF(REL=XRL) 8739,8739,8738
REL=XRL

IF(REL=1s ) B740+8740:8741
REL20,

NXLOS (NF ) ZREL

KIP=22

IE(METHOD=3) 9777+3207,9777
{TERATION FOR LUF
IF(REL=904) 3201+3202+3203
GO TO (3204:3202)sKAT
FFLIT)*FREQ

GO TO 3214

1F(FREQ=3+) 3208+3208,3209
FF(1T)I==3,

GO TO 3214
FREQ=FREG~=+1#DFREQ
1F(FREQ=3,)3208+4850,4850
KAT=2

GO TO 939

ZJ:KJ

GO TO 9777

IF(IHR) 9777+9777+9778
FIELD STRENGTH
ALOSS==NXLOS (NF)

NXLOS (NF ) 2ALOSS+107¢2+8468594LOGF (FREQ)+4¢343%*LOGF (10004 *PWR)

FURTHER ITERATION FOR LUF
NF=NF+1
IFINF=11) 91419145260

0555
0556
0557
0558
0559
0560
0561
0562
0563
0564

0565

0566
0567
0568
0569
0570
0571
0572
0573

0574
0575
0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586
0587

0588
0589

0590
0591

PE—"

bunaa



914

917
216

i755
FREQ=FREL (NF)
IF(FREQ-FREL(11)) 917,917,916
1F (FREG=304) 93945394916

NXLOS (NF )20

FFLIT)=0,

. 260
7007
7009
7008

GO O 9777
GO TO (2500250932149321297007+250) ¢METHOD
GO TO (7009+7008)sL2P

WRITE OQUTPUT TAPE 6934 +PWRIIRSNIIFR

WRITE OUTPUT TAPE 6496,
FGLITYSUF(IT) »FOTIIT)sNXLOS

NIG=NIG+]

GO TO (32164+3214+21)9NIG

WRITE OUTPUT TAPE 6,908

N1G=0

250
2250
2666
2668

1
2

2667
1
2

3212
3213
8003

8002

. - 3215
69

1

77
1

GO TO 3214
GO TO (2250+2666)iL2P
WRITE OUTPUT TAPE 6414sPWRsIRSNsIFR

GO TO (2667i2667+266752667+2667+2668) yMETHOD

WRITE OUTPUT TAPE 6429

IGUIT=«1) sUF(IT=1)sFOTUIT=1)s(MODE(L)sABCII)s131911) sNANGLE

sIGUIT)SUFLIT) oFOT(IT) oNXLOS
GO TO 3214
WRITE OUTPUT TAPE 6,9,

IGUIT=1)sUF(IT=1)sFOT(IT=1)9(MODE(I)sABC(I)sI%1s11)s NANGLE

sIGUITISUF(IT) oFOT(]IT) +NXLOS
GO TO 3214

GO TO (3213,3215),L2P

IF(IHR) 8002+8002,8003

WRITE OUTPUT TAPE 6,80,PWRsIFR
GO 10 77

IF(IHR) 69969277
WRITE OUTPUT TAPE 6419,

1G(IT=1)oUF(IT=1)sFOT(IT=1)s(MODE(I)9sABC(I)sI=1911) 9 NANGLE
2+1GUITIsUFLET) oFOTLIT) oNXLOS

GO TO 3214
WRITE OUTPUT TAPE 6959,

!G(ITQL)QUF(ITQL)oFQT(lT*l)Q(MODE(l)!AQC(!’OI!lsll)QNANGLE

2+IGIITIPUF(IT) oFQT(IT) oNXLOS

0592
0593
0594

0595

0596
0597
0598
0599
0600
0601
0602
0603
0604
0605
0606
0607
0608
0609
0610
o6ll
0612
0613
0614
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631

B\
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3214 L2ZP=2 0632
GO TO (2270451929051 4414511 sMETHOD 0633
41 GO TO (40s51)5J1G 0634
40 WRITE OUTPUT TAPE 6,907 0635
GO0 TO 270 0636
81 WRITE QUTPUT TAPE 64909 0637
J16=0 0638
GO TO 270 0639
290 1F(MAP) 6228622816229 ' 0640
6229 CALL CURVY(FOT,FF) 0641
. GO TO 270 0642
6228 WRITE QUTPUT TAPE 6+24+PWRIIRSN 0643
. IF(IHR) 2291+229142290 0644
2291 WRITE QUTPUT TAPE 647, 0645
1 CIGUIYsFF LT sFOT(I N0 IG(I+6) o FFII46)FOT(146)s16(1+12), 0646
2 FRUI+12)9FOT(I+12)01G(1+18)sFFI[+18)2FOT(1+18)s15156)0AAA 0647
GO TO 2270 0648
2290 WRITE OUTPUT TAPE 6470+ 0649
1 LIGUI)sFOT(I)sIG(I+6)oFOTII+6)131GIT412)eFOT{1412)016Gt1+1 0650

28)sFOTLI+18)s1GII+1)+FFLI+1)s FOTUIH®L)oIGEI+T)oFF(I+T)oFOTLI®T)sI1G 0651
3UI413)oFF(I+13)oFOT(I413)01GlI+19)19FFL1419)1eFOT(I+19)91210632)9AAA 0652

2270 IF(3=MIT) 1969419694170 0653
1969 WRITE OUTPUT TAPE 64909 0654
MIT=1 0655
GO TO 270 0656
1970 MIT=MIT+1 0657
270 RETURN " 0658

END 0659

b S r i

[



=77 -

SUBROUT INE CURVY(COTB0OT) 0001

GENERATES LINE GRAPHS
OIMENSION COT(24)sROT(73)9BOT(24)sWOT(73) 0002
DIMENSION AQT(73)+COB(55) +BOB(55)9X0B(73) 0003
DIMENSION FDEK (10} +EDEXK(10) 0004
DIMENSION AMON(12)y GLAT(5) 9sABI (26)9ABIY(5924)3CLCK(24)9GY(5) s 0005
1F25(5924) sF2H(5924 ) sGML (5924 ) OMH{5524) oMF (3) yME(2) 4ELL(10)oFLL (1O 0006
2)1ELD ULV ) 9EDELT10) 4FLD(10) oFDEL(1C) 9F24(5) yGMA(5) 9FLF(10) sFSKY(10) 0907
3ESKY(10)9GE(10) sGF(L10)sFSELL0) oFSF (10) sNOSILL)+FXMTIL10)sEXMTL1IO) & 0008
4FRCR(10)yERCRI10) sADJI(4) s ABCL 112) 3MODE (12) 0009
DIMENSION QL20+6034) 01k (4 sk (4 oRL {4 LK L) 3JALTL) ICKCI24) 0010
19G(60)1AB(60)95120924)9C120924) sGAMMA 15924 )9BAL60) 0011
DIMENSION RD{5)9SUN(12)9A(1C+7514)3RASSN(12)sEMF(5424) 0012
DIMENSION CLAT(5)9sCLONGIS ) sEMUFY (5024 )oFMUFY (552415 UFY(5)sFOTY(5) 0013
55 16(24) 0014
OIMENSION UF(24)9FOT(24)9FF(26)9P{2951696)9ABP(246) 0015
DIMENSION AHA(2)sARA(2)sAVAIZ2)sRANTLZ2)sTANTI2) 00le
DIMENSIONNXLOS(11) oNANGLE(11) 0017
DIMENSION TOP(4) oFRELI(12) 0018
COMMON ABP oP 0019
COMMON AsWsGoABIS+CoGAMMA ¢BAVEMUFY s FMUFY 5 IGoUF sFUT 9 SUNAVASARASGLA 0020
1ToABI sABIYSCLCKIGY 9F2S0.F2H IGML 9 GMH s MF oME s ELD 9 FLD 9 F249GMA 9 ADV 9 ABC » 0021
2EMF 9 CKCoCLAT oCLONGAK sBK 9CKIDKIPI 29 EKsEEKIGLT 9 GLGI AAASALAIADAY 0022
3AFCoANCYAWC o AEC P ASCoAZZ sMANSRSN oKW oPWR s IANT o IANR Y2 9 X2 yMOUSE 9 SSN» c023
4NOCIRsK&4y AXsXLONGAL sYLAToXLATsYLONGoYLsBTRY 9GCUKMs GCDNMaK 19K 29K 0C24
539K59GCDs IRSNsMON s 1D yMOUSE s AY sMETHOD » AHA » BMONS s MAP 0025
COMMON FREL €026
COMMON XNH»XNL 9 XND sRNH o RNL sRND s HA Y JI G o HAR s XTRaXETAsWETA9 IHRoMIT 0027
COMMON KAP sKUP gMA 9 TANT 9 INH o INL s INUsRANT o JNH 9 INL 9 JND 0028
73 FORMAT(10Xs4HANT=13+2HDEs20X96HNOISE=13920X94HANT =13+2HDB ) 0029
91 FORMAT(6X92A691X 913 91HH1Xe1301HL91Xs]393HDEGY2X9s6HNCISE=1392A601X 0030
1ol3s1lHHe1X91391HLe1XsI393HDEG) 0021
72 FORMAT(6X92A691Xs1391HHo1Xo1391HLo1Xs1393HDEGs 12X 9s6HNOISE=]3912Xs 0032
14HANT=13,2HDB) 0033
T4 FORMAT (10X s4HANT=13+2HOBs 13X 9s6HNOISE=I397X92A691Xs1391HHs1Xs 13 91HL 0034
191X913+3HDEG) 0e35
Z“‘FQRMAT(IQXobHPNRaFégz’gHKNOAZX.aHREQ.§/N;I3.2HDE) 0036

3 FORMAT(14Xs15+10X0A6 10X 9 4HSSN=F540910XsA29F703/13Xs 11HTR

0037

SR e A

e by D

AL e 21 AR, K 002



;7’8;

2ANSMITTERS 13X s BHRECEJVER s 12X o BHBEARINGS 96X » THNoMILES/11Xy F6e24Al s 0038

32H = iFTe23Als5XeF6e2iA192H = sF7e20AYs3Xs2F6e1s4XsFBel) 0039

15 FORMAT(7X+73A1/6X 3 T4HOO c2 C4 06 o 10 12 14 0040

1 16 18 20 22 00/34Xs»19HGREENWICH MEAN TIME) 0041

2 FORMAT(2X+4ALs1X0A2+AL+73A19A13A241X 041 ) 0042

25 FORMAT(1H1) 0043

1 FORMAT(1H ) 0044

WRITE OUTPUT TAPE 643 0045
1 NOGCIR s BMONS s SSN-oMA vHAR s XLAT s AX 9 XLONG 9 AL $ YLAT s AY 5 YLONG # Yio » 0046 -

2XTRsBTRY s GCONM 0047
IF(METHOD=3) 404440454045 0048

4045 GO TO (330+330,33041331) KAP 0049

1331 GO TO (23252329232+233)sKUP 0050

233 WRITE OUTPUT TAPE 6+73+ IANTsMA» [ANR 0051

GO TO 388 0052

330 GO TO (3354335,3354336)9KUP 0053

335 WRITE OUTPUT TAPE 6491, 0054

1 TANT » INHo INL » IND s MA s RANT 5 JNH ¢ JNL » JND 0055

GO TO 388 0056

336 WRITE QUTPUT TAPE 6372 0057

1 TANT s INHs INL ¢+ IND »MA » 1 ANR 0058

. GO TO 388 0059
f 232 WRITE OUTPUT TAPE 6074, 0060
§ 1 TANT sMA sRANT s JNH » JNL » JND 0061
? 388 L1P=2 0062
i WRITE OUTPUT TAPE 6424 +PWRsIRSN 0063
’ 4044 J=0 0064
DO 303 I=]1,24 0065

XECOT(1-1) 0066

IFtI-1) 20292039202 0067

203 X2COT(24) : 0068
ROT(1)=X 0069

202 XX=COT(I) 0070

DO 303 [1x1,3 0071

JEJ+] . 0072

CEGs]1] 0073

303 ROT(J+1)=X+(XX=X)#CEG/3¢ 0074
IF(METHOD~3) 640264056402 0075

6405 J=0 0076

DO 808 I1=}1s24 0077
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803

51

808
6402
B8 608

30

W m e o

o ® W ®

@ e @

@ W

® @ W

XEXX

IF(l=1) 8U2,8034802
X80T (24)

IF(X) 51453454

X=1l,

GO TO 54

X2COT(24)

WOT (1) =X

> XXsBOT(I)

IF(XX) 55457458
XXE]l o

GO TO 58
XXeCOT(1)

DO 808 [1=1,3
JEJ#1

CEG=11

WOTtJ+1) =X+ IXX=X)#CEG/ 3,

D0 608 15247241
X0B(1)=406060606060
DO 20 12147353
X0B(1)2206060606060
DO 30 %1455
B0B(1)=2606060606060
COoB(1)=606060606060
COBt1l)= 6V0360606060
COB(5)= 6V0460606060

COB(9)= 600560606060

CoB(13)=2600660606060

COB(25)=011260606060
COB(271%010160606060
€0B(29)=010260606060
C0B(31)=2010360606060
C0B(331=010460606060
COB(35)5010560606060
COB(391=2010760606060
COB(411=011060606060

e AR $hos AR 3¢

0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
o101
0102
0103
0lo4
0105
0106
0107
0lod
0109
0110
0111
olil2
0113
0lls

0115

olle
0117




8 €08(4313011160606060
] COB(45)=2021260606060
] COB(4712020260606060
8 COB149)=020460606060
B ¢0B(51)2020660606060
8 COB(53)2021060606060
8 €OB(5512031260606060
8 BOB(29)%456060606060
8 808(21)%622060606060
8 B80B12212616060606060
B BOB(23) 236060606060
8 BOB(24)2446060606060
8 B80B(27)=2706060606060
8 BOB(28)%236060606060
] B0OB(30)2256060606060
8 BOB(31) 2646060606060
8 B80B132)2506060606060
8 B0B(33)2256060606060
8 BOB(3412516060606060
B BOB(35)2266060606060
8 0OT=546060606060
20B=31,
B DOB2406060606060
DO 2006 IK#1s55
IM256=1K
DO 100 [21+73
8 100 AOT(1)=606060606060
IF(20B=20¢) 4s4063
63 WOB=zl.
GO 70 5
4 TFL20B=8¢) 406204062+4063
4063 WOB=e5
GO T0 5
4062 WOB=425
5 2084208-=w0B
1T=1
12 1SPOT=1IT
IF(ROT(IT)=20B) 6+848
8 SOB=Z0B+WOB

IF(ROT(IT)=50B) 10+6+6

.‘.8’0-

0118
0119
0120

o121

0122
0123
0124
0125
0126
0127
o128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
014l
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
01595
0156
0157



10

o

13

66
67
200
1
16

AOT(ISPOT)&DOT

[T=1T+2

GO TO 16

IT=1T+1

IFUISPOT=73) 12413413

IF (METHOD=3) 20096565200
1721

1SPOT=1T

IF(WOT(IT)=20B) 66938438
$08=208+W0OB
IF(WOT(IT)=S0B) 80+66066
AOT (1SPOT)#336060606060
i1T21T+2 '

GO TO 67

IT21T#1

IF(ISPOT=73) 3392005200
WRITE OUTPUT TAPE 6424

BOB(IM) 9COB(IM)+sDOBsADT sDUBCOB(IM) 2BOB(IM)

WRITE OUTPUT TAPE 6,15,X08
WRITE OUTPUT TAPE 6425
RETURN

END

- 81

0158
0159

0160

olel
0le2
0163
0le4

0165

0166
0167
0168
0169
0170
o171
0172
0173
0174
0175
0176
0177
0178
0179
0l890
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SUBROUTINE GAIN(KOP,DELTABETAsFMCsSIGMAIERIPHIJEL sHIRALN)
POWER GAIN OF ANTENNAS

FORMAT (1F1246)

RHI=PHI#,01745329252
RELTA®DELTA®601745329252

GO TO (6+706)9KOP

T=COSF (RELTA)

RETASBETA#.01745329252

QSSINF (RELTA)

ReQ#Q

SER#R

X218000+#S1GMA/FMC

RHO=SQRTF( (ER=TH#T)#{ER=T#T)+X%X)

RHO12=SQRTF (RHO)

ALPHAS=ATANF (X/{ER=T#T))

PSIHEATANF (2,8RHO12#Q# STNF (ALPHA®45) / (RHO=R) !

CHiSQRTFtRHo-ﬁHo+Ssz.-RHOdROCOS¢(ALPHA))/(RHO#RoZ.!RHOlZOGiEOSP(AL

1PHAR,5))
WAVEZ299,7925/FMC

FAC= (34141592654 %EL) /WAVE
Ulel.=T#SINF (RHI+RETA)
U221 4=TH#SINF (RHI=RETA)
EFF30,

X=l,

GO TO (2+243)sKOP

2 RA!N§(3.2’CQ$FFRHI).COSF(RHI)’SlNF(FAQ’U;)’SLNF(FAQ‘UL)'§INF(FAC*U

12)'5[NF(FACQUZ)*LCHGCH§IQ‘ZQQCH!COSF(Psrﬂé(12-96637062'H)/ﬂAVE§Q’)
2)/7(UI#U1#U2#U2) # (COSFIRETAI=SINF (RHI ) #T) #(COSF (RETA)=SINF (RHI)*T)

R°K33.
GO TO &

10SF(PSIH=(12+56637062%H) /WAVE®*Q)))/S
ROK==4e 77

GO TO 4

€E=ER

IF(H) 24924920

WAVE=299.7925/FMC
A=(60283185%H) /WAVE

XeH/WAVE

GO TO 2%

3 RAINEZ( 55624 T4#COSF (14570796%T)#COSF(14570796#T ) # (CH#CH+1 =204 *CH*C

0001

0002
0003

0004

0005
0006
0007
0008
0009
6o0l0
0011
0012
0013
0014
0015
06016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034

0035

0036
0037
0038
0039




IR L e S ——

24

51

26

29

3
31

12156649+LOGF (D) =wW2

ENSINTF (ABSF{H})/104)
IF(EN) 50951450
H1SABSF (H)

G0 TO 52

HYZEN/ (ABSF(H) =104%#EN)

ROK=#45,
2=2,4%D
waCI(2ZsWl)
W22Cl (DiW3)

RAZ304# (=45%COSFIDI(45772156649+LOGF (2)=W

S=SINF {RELTA)

C2COSF (RELTA)

HM#A /64283185307
ANUM=COSF(A#S5)=COSF(A)

J4SINF(DI®(25%W1=W3))

CALL VREFCO(RELTASESFMCrSIGMACVIPSIV)
FACLaCVH#CV+1 4=24 #CVRCOSF(PSIV=12,5663T706%HM#S)

FAC232+%COSF(6428318530724HM#S)
RAIN =(120,%#ANUMEANUM) / (RA*C#C)

RAINERAIN®FAC]
IF(RAIN) 11911431

RAIN=4¢342944819%LOGF (RAIN)

IF(X=425) 69+70+70

1401 4+COSF (D)) * (4577

69 EFF=(((64160702573%#X=6091333295)%X+2179¢890548)%X~364:8173803)%X+

70
n
41
11
10

125064620146

GO TO 71

EFF=0.
RAIN=ZRAIN=EFF=ROK
IF(RAIN+#10s 111911010
RAIN==10,

RETURN

END

0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074

v
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SUBROUTINE VREFCO(DELTA+ERFREQISIGMASCVIPSIV)
VERT ICAL GROUND REFLECTION COEFFICIENT

P183,141592654
X#18000 4 #S1GMA/FREQ

| U= (ER#ER+X#X)

20
21

22

10

30
50

VSSQRTF (Y)

Q=S INF (DELTA)

R=Q#Q

S=R#R

T=#COSF (DELTA)
RHO=SQRTF({ER=T#T)*(ER=T#T)+X#X)
RHO122SQRTF (RHO)
ALPHAS=ATANFI(X/(ER-T#T))
A&2, #RHO12#Q#V#S [NF (ALPHA®5+ASINFIX/V) )
BERHO=U¥R

IF18) 10420430

IF(A) 21422923
PSIva=,5#P]

GO 70 50

PSIVCOQ

GO T0 50

PSIv=.54pP]

GO TO 50

PSIV=ATANF (A/B)+P1

GO TO 50

PSIVSATANF (A/8)

CV2SQRTF (RHO®RHO+U#URS=2 o BRHOMUSR#COSF (ALPHA+2 o #*ASINF(X/V ) )) / (RHO+

1U#R+2 o #RHO12¥VHQ#*COSF (ALPHA® ¢ 5+ASINF (X/V) ) )
RETURN
END

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
00le
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029

il W

S v e -



10

20

60

61

63

64

65

66
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FUNCTION CI(XsS1)

SINE AND COSINE INTEGRAL
IFI1X=10615+60+60

SQaxiéx

€18,5772156649+LOGF (X)

TERM2=1:#5Q/ 44

G=4,

C1sCI1+TERM

TERME=1: #TERMRSQ# (G~26 ) /1 (G=14)#5*G)
GEG+2,

IF(ABSF (TERM)=,00005) 20420410

SI=0.
TERMEX
G=3,
S§1aSI+TERM

TERMa=] ¢ #TERM#SQ# (G=2, )7 {6=14)%G*G)
GiG+2¢

IF(ABSF(TERM)=,00005) 80+80+25
TERM1#1,

Tal,

C=1,

FACE (Lo ®THT=2,%T)/(X%X)
TERM2==1,#FAC#*TERM]

1F(ABSF (TERM2)=ABSF I TERM1))62+64+64

2 C=C+TERM2

TeT+le

JF(ABSF (TERM2/C)~10E=10)65+65+63
TERM1=TERM2

GO TO 6l

SC224%T

THETA=X=5§C

PIneS5=(1¢=2o#THETA) /(4 o#SCI#(1e=bo#THETA=2,#THETA*THETA) /(B4 %#5C#SC
114(3,+18,#THETA+Bo#THETA®THETA) /(164 #SCHSCHSC)

C=C+TERM24P]

TERM1214/X

D=TERM1

T=l,

FACE (Lo RTHT+2,#T)/(X%X)
TERM2=~=]1*FAC#TERM]

IF(ABSF (TERM2)<ABSF(TERM1))67+69+69

0001

0002
0003
0004
0005

0006

0007
0008
0009

0010

0011
0012
0013
0014
0015
0016
o017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039

ngmi



67 D=D+TERM2

TaT+le

IF(ABSF(TERM2/D)=10,E=10)70+70+68
68 TERM1iTERM2

GO TO 66
69 SD#2,%#T+1,

THETARX=$D

Pl o5=(1:=2#THETA) /(4o #5D)#(1:=4s #*THETA=2,#THETARTHETA) /(8 %#SD*SD

1)4(30418 R THETA+B o #THETA# THETA) /(166 #SD¥SD*SD)

DED+TERM2#P |
70 CX=COSF(X)
" SXZSINF(X)

CIa(C*SX=D#*CX) /X

S18]1,570796327=(CHCX+D#SX) /X
80 RETURN

END

DS MR R, AR S £ L by s TRt st o e i gl

0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052

0053

0054
0055
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SUBROUTINE LOSS(RELTASERIFREQISIGMAsY) 0001
‘GROUND REFLECTION LOSS
DELTA=RELTA® 401745329 0002
P123,1641592654 0003
X=218000¢#SIGMA/FREQ 0004
Uz (ER®ER+X¥#X) 0005
VRSQRTF (U) 0006
QaSINF(DELTA) 0007
R=Q#Q 0008
S$SRaR 0009
TaCOSF (DELTA) 0010
RHO=SQRTF{ (ER=T#T)# (ER=THT)+x#X) 0011
RHO12& SGRTF (RHO) 0012
ALPHA==ATANF (X/(ER=T#T)) 0013
CHESQORTF (RHO®RHO+5=2 o *RHO®R#COSF { ALPHA) ) / (RHO+R+2 ¢ #RHO 1 2#Q#COSF (AL 0014
1PHA#,5)) 0015

50 CV=SQORTF (RHORHO+UMY#5=2 #*RHOYUSR#COSF (ALPHA+2 s *ASINF (X/V))) /7 LtRHO+ 0016
LURR+ 2, #RHO12#VEQRCOSF (ALPHA® 4 5+ASINF tX/V) ) ) ool7
Y&810e*#LOGLOF { (CHR*CH+CVRCV ) /24 ) 00l8
RETURN 0019
END 0020

e




120

127

122

126
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SUBROUTINE POLY(KJsNNsMMsVeXsY)
POWER SERIES VARIABLES
DIMENSION A(10+7s14)
DIMENSION P(29416+6)sABP(246)
COMMON ABP P

COMMON A

Ys0

MEMM

NaNN

COEF =0

COEFsSCOEF*V+A(MiNKJ)

NsN=1

IFIN) 12251225127
YsY#X+COEF

MaM=]

1FIM) 12601264120

RETURN

END

0001

0002
0003
0004
0005
0006
0007
0008
0009

0010

0011
0012
0013
0014
0015
0016
0017

P —
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55

57
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SUBROUTINE NOISY(KJsXP+CEG?ATNO)
FOURIER VARIABLES AND ATMOSPHERIC RADIO NO1SE

DIMENSION P129416+6)+ABP{2+6)922129)

COMMON ABP P
ALF=ABP(14KJ)

BETSABP (23KJ)

Q=0,00872664664626%CEG
€18COSF(Q)
S1=SINF(Q)

00 56 J=1,29

R=20,

Sxss1

CxXsCl

DO 55 K=1,15
RER+SX#P(J oK 9KJ)
SSESX#C1+CX#S]
CXECX#CL1=SX®S]
SX2SS
22(J)sR+P(J9169KJ)
02,017465329252%(%XP+90,)
S1sSINF(Q)

SX=S§1

C1=COSF(Q)

CXx=Cl

R#0,

DO 57 K=1,429
RER+SX#ZZ(K)
S$SaSX#C1+CX¥*S]
CX=CX#C1-5X#S1
SX=5$S
ATNO=R+ALF+BET*Q
RETURN

END

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0620
0021
0022
0023
0026
0025
0026
0027
0028
0029
0030
0031
0032
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IX. MATHEMATICAL EXPRESSIONS

1. Great circle distance in kilometers, degrees and
nautical miles
cos (ged) = sin (x1) . sin (x2) + cos (x1)
cos (x2) : cos (y2 = yl)
gcd = great circle distance - degrees

x1 = transmitter latitude - degrees

¥yl = transmitter longitude - degrees

%2

receiver latitude = degrees

y2 = receiver longitude - degrees
2. Bearing from receiver to transmitter, degrees

east of north., (0 = btry = 360°).

O o R =1 | — ——
u= (180. e x] - x2 + ng)/z
cind = sin (u) - sin (u = 90 + x1)

3, Geographic latitude of control points along great

circle route.
x'1 = cos (pp) - cos (90 ~ x2) + sin (pp) - sin (90 - x2)
. cos (btry)
(Control Lat) = 90 - arccos (x'1)
PP = great circle distance in degrees from transmitter

terminal to control point

»

Geographic longitude of control points along great

circle route, (y=y2 -y')

JE—



» SRS .

'-9‘13

<
[l

' = arccos lﬁéés (pp) = cos (90 = x2)
+ cos (90 = %3)/ _
sin (90 - x2) . sin (90 - x‘3):l;

x3 = control point geographic latitude

w

5. Geomagnetic latitude of control points along.great

cirele route., (y = 90 « y')

(1}

ar¢cos f[éi-ﬁ (x4) . sin (x3) +

cos (x4) + cos (x3)

i cos (x3 - 'x4)]

x4

1}

latitude of geomagnetic north pole
6. Local time at receiver terminal,

LMT = GMT - y2/15

LMT

local mean time - hours

n

GMT - Greenwich mean time - hours
7. Sun's zenith angle at control points,
cos (¢) = sin (z) . sin (ssp) + cos (z) . cos (ssp) .
cos [(15 x GMT) - 180).
Y = sun's zenith angle - degrees
z = control point latitude - degrees
ssp = latitude of subsolar point of sun for middie
of month in question - degrees

GMT - Greenwich mean time - hours

Q0
.

Ionospheric absorption index "I"

I= (1 +.0037 SSN) (cos .881¢) "
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11,

l z.

13,
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SSN ¢ predicted or observed 12 month moving average
Zurich sunspot number. (0 = SSN = 200)
E-layer distance factor.

elfe = 2, 085000000 « 107 10°2

- 1.33200756 + 10™°. x +
2 %% - 5038476266 + 107 . x>

6 5

3,761385053 « 10

L]

2, 624808315 . 107% «*

1.334494261 - 10" x® - 4. 368460907 . 10~ « x'

5.976618436 . 10~

x = great circle distance - hundredfffs of statute miles
E-2000 MUF.

emc = 3,345996232 + 37,.67736072 - 1= 52.41191754 - 1
4

2

+39,26151056 - 1" - 10, 66484988 « 1
1 = absorption index
E-layer MUF.
emufy = (emc) - (elfc)
emc = E-2000 MUF
F-layer distance factor.
flfc = 4, 699243101 » 107> x + 2,264634341 - 10”

+9.202437332 + 1077 . x> + 6.865259817 - 107> . x* .

9.985831104 - 10" . x° + 4.49151441 10~ . x° .

6. 712654756 - 10”7 . x'

3, .2

x = great circle distance - hundreds of statute miles
F2-layer Fourier generation of foF2 and M-3000 factors,
Fourier time variation function, used to obtain foF2

or M-3000 factor:

+

*

e e 3
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= L
(‘—‘(’x,y.t) = ab (%,y) + Zﬁ[abjb (x,y)cos (jb - 1)t +
| jb=2 .
bajb (x,y) 8in (jb = 1) ¢t ]
1

abjb (x,y) = ZQis,ka, io Gka (xy) is = 2jb = 1
ka-‘-l j§‘b=l,253.aioj

(x, y) = ZQm Ka, io Gka (xy) is = 2jb = 2
ka = 1 b =2,3,40...]

x = geographic latitude of control point - degrees

(-90° = x = 90°)

y = geographic longitude of control point - degrees

(0° = x = 360° - East of North)

t = local time at receiver - (hour angle) (180 =t =180°)
I,j,k, L = constants describing number of harmonics

in the Fourier functions

io = matrix for foF2 or M-3000 (high or low SSN)

Q. . = Fourier coefficients defining the function
is, ka,io :

r(x.y,t) (Time variation)

Latitudinal and longitudinal variation functions are

shown in Tables 1 and 2.

For a detailed explanation of the generation o r(x y,t)
refer to [Jones and Gallet, 1961). The above formulas and

onstants have been altered from the originals in the reference

to make the generation permissible on a larger variety of

(¢

computers,



Table 1.

594-

Geographical Function in Latitude

U—



¥
o3
(8,1}

»

Table 2. Geographical Functions in Latitude
and Longitude.

“MIXED LATITUDINAL AND LONGITUDINAL

VA.RIATION . FIRST ORPER IN LONGITUDE

G (xo y)-

cos (x) cos (y)
cos (x) sin (y)
sin (x) cos (x) cos (y)
sin (x) cos (x) sin (y)

(x) cos (x) cos (y)

. La
sin
La

sin (x) cos (x) sin (y)

= -1

T MIXED LATITUDINAL AND LONGITUDINAL |
_VARIATION - SECOND ORDER IN LONGITUDE |

o T B IO R % s vvn oo

L+1
L+2
L+3
L+4

I-1

cos’ (x) cos (2 y)

N

cos (x) sin (2 y)

1N

sin (x) cos™ (x) cos (2 y)

“N

sin (x) cos  (x) sin (2 y)

¢ o @

sin Ly (x) eogz (x) cos (2 y)
sin =P (x) cos’ (x) sin (2 y)

~3 :

e i b q
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14,

1 5.

16.

17,
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F2slayer gyro frequency may be adequately represented
for MUF <FOT predictions by a set of least squares
coefficients describing the orthogonal polynomial.

2 , 6, 0

yﬁ(al.1+al'2x-l-a1.3x ee e 31.7X)Z ¥ .05

; s s L 2 ) 6, 6
(ag, 27,2 %2; 32 ... 8 9% 2

gyro frequency of F2 layer = Mc/ s

longitude of control point - degrees

latitude of control point = degrees

1]

a = set of least squares coefficients describing the
orthogonal polynomial (y)

F2-4000 MUF,

F2-4000 MUF = (foF2) x (M-4000 factor)

F<MUF for low and high solar activity.

F-MUF = ZDF + flfc * ‘[(Fz_4000) - ZDF]

ZDF = foF2 + ; F2-layer gyro frequency
M-4000 factor = (1.1) * M-3000 factor

Interpolation for intermediate values of solar, activity.

(10 = SSN = 180)

F-MUF = '[F - MUF . -(180 - SSN) + F-MUF,; (SSN—IO)]/HO

(t) (H)

F - MUF

F - MUF ), = F-MUF for SSN 10

F - MUF .. = F-MUF for SSN 180

(H)
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18.

19.

29.
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Angle at the ionosphere (¢).

1]

$'= sin il[’p (Sin‘ (90 + tan”! (cos Ara. p/ (p+ H1)> ]

/2

¢' = angle of incidence - degrees
p = radius of earth = km
A' = great circle distance - degrees
HI = layer height = km
Ionospheric absorption (single reflection)
A =615 5N sec ¢ (I)
i, ¢ 11.98
f+ £ )
{ g

]

W

¢ = angle of incidence for 100 km - degrees
f = operating frequency
I = absorption index

f = gyro frequency - Mc/s

8
Basic transmission loss for isotropic antennas in free space.

- o 2
Lbi = 10 loglo (PI/P ) =10 loglo‘(él m d/\)

36,58 + 20 log  (d) + 20 log, (£ )
510 , 510 Mc/s

P, = power available at receiving antenna

P, = power delivered to transmitting antenna

d = ray path distance - miles
A = wave length

£ = frequency - Mc/s

Mc/ s
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Relationship between ¢' and A,

gind'=_p cos A
p+H
1
¢' = angle of incidence at ionosphere
p = radius of earth
'H! = layer height
A = radiation angle of wave

Ground reflection factors for vertical and horizontal

polarization.

K, = (4= ix) 8in & = N (. _ix) = cos® A
v - S L ’jg*‘j- S ——

(e = ix) sin A + "’(er - ix) - cos” &

€= relative dielectric constant of earth,

X2t~ 18%10° G/1,
we =

0 = conductivity of earth (mhos/meter),
w = angular frequency,

f = frequency in megacycles,

A = angle of elevation in degrees, and

i = N =L

€ = dielectric constant of free space

-

ol
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23, Rhbhombic antenna power gain relative to isotropic in free space.

8, )= 3.2 (G018, 0 + (Dy(a)? |

8in ul . é‘jiz - 8infP . sin A
Yy uZ.

cos ¢ .

w

Dy (A, )

i
2

a [ 1K, 1% #1022 K| con (b, - 22 ain A)]

Dy, (4,8) = cos ¢ - \4;1“% . z * (cosp - sind- cos A)

3

1K1z 01 - 215y] cos (hy + 52 - win 0]

ulﬁll"*[l-i-cosA- sin(¢+p)]

r

u, = = [l - cos A sin (¢ - p)]

(4,8) = power gain relative to isotropic in free space
= angle of departure in degrees,

= angle of azimuth in degrees,

- ™ p ®

= rhombic leg lenth in meters,

(-
]

antenna height in meters,

©
]

= tilt angle in degrees.

e 7 i ket T AT et 420
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cr2p®- y?. sinA . sin (tanil—-:g* + %) ]; 47
3 r i

.| (Riteim’a-2p. sina . cong]

H [p+siazA+2p3- sin A . cos 3 ]

]
e
o

St

. 2 ) 2 |
&p2+y“2. sin4A-2p, y s sinZA. c¢os (a+ 2 8in "=

IKv‘l‘ =

i

p ¥y sinquszp?y . 8in A . cos (%+éinil'-‘-’f-)-|
IR T
Yy

(T

L

p={le - co‘sz A)Z + —Xz] )

L)
[l

= relative dielectric constant of the ground
0 = conductivity of the ground in mhos per meter
{

= operating frequency in megacycles per second

Ky=- ] KHI eV = horizontal reflection coefficient, and

®
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K = - IKV | & Yy = vertical reflection coefficient.

Power gain of half-wave horizontal dipole.

E, = (. 74582)z[cos (L. cos A) Jz.{tz $1-2. K, + cos

N |

~
1

o = amplitude of horizontal reflection coefficient

phase amplitude of horizontal reflection coefficient

([}

= height of antenna - meters

299. 7925/frequency in megacycles
1

-2

g b T
L

A = angle of elevation
Note: 72 ohms assumed impedance of antenna

Gamdecibels_ =10, x Io.glo (EA)

Power gain of vertical antennas

EA *RaA " [c.os (A) sin A) - cos (A)_]z . Ik 2 4 |

cos (A) LV

-=2. K c;gs,(-.l;veZAe si,nAl,

\4

a

R =30 ,-M’-ziiﬁ {c +1n (4A) - C; (4.A.)}

+{| + cos (ZA)1X (C+Ln(ZA) - C. (Z;A)}
‘ b\ 1 _
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f
o

+ sin (24) x {%_;(AA) - 5, (24) }]
4 2 N '

C = ,5772156649

H = height of antenna = meters

Si = sine integral

Ci = cosine integral

A =2 H/\

Efficiency factor for short vertical antennas,

EFF = 25, 64620146 - 364.8173803 x
+2179.890548 x° « 6091, 333295 x°
+ 6416, 702573 x*

x = wave length of antenna

(1/16 = x = 1/4)

Ground reflection loss.

1 H

G, = 10 log, [K2+sz]

Relationship of field strength to transmission loss,

(Decibels above isotropic)

E-= 107.Z+3010510( )-L

imc ~b

f _=frequency - Mc/s

Lb = transmission loss - decibels
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X. GENERALIZED BLOCK DIAGRAM OF HF SYSTEM PERFORMANCE ROUTINE

START |

1. Circuit input parameters
| 2. Tonospheric, geopbysical and

systems parameters

'j ‘Graph oF print
MUF-FOT option

1

] - Calculate

|l 1. Great circle distance

2. Bearings

3, Location of control points

| 4. LMT at control points

1 5. Sun's zenith angle at control
points

6. Geomagnetié location of

11 control points

| 7. Absogption index I at control

= — Figure 1 of 9
mENDw
Print ‘
,,,,,, System loss option |
I — Figure 5
- MENDH

'1. Set receiving antenna

| Field atrength
option

= response to isotFopic
2. Relate system loss to

field strength (dbu) |

i points || = -
| 8. Path absorption index 1

| 9. E-layer control points MUFs |

{10, F2:layer control points MUFs

}11. MUF and FOT for path

ption Figure 6
"ENT)"

1 C alcu»l‘at'é S

1 1. F2slayer height

2. Distance per hop

3. Radiation angle for E, EF2
and F2-layer modes

Angle of incidence associated
with mode |

5. Maximum E-layer angle of

incidence ’

Minimum F2-layer angle of
incidence ’

. Deminant type of terrain

Possible modes

Ionospheric loss for path

Critical frequency E-layer

Critical frequency F2-layer

Ground reflection loss

Ray-path attenuation

. Transmitter antenna gain

Receiver antenna response

| 1.

Calculate
11, LMT at receiver site
2. Atmospheric, man-made
and galactic noise

Print
S§/N ratio option

3. Compare signal and noise |

Figure 7

IIEN I‘I

Cal.cu‘la‘téﬂ

short or long, etec.

11. Type of path, e.g., polar,|

Be,liab-ivl‘it;éptiog
Figure 2 or 8

2. Circuit reliability | “END"

" Calculate

7 with reliability of 90%

I I

1. Lowest frequency in Band "

Graph or print
FOT-LUF option |}
Figure 3, 4 or 10}

2. Iterate downward on freq.

until reliability is 90%

Mode with least loss

Figure 18

Ilngl:l
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X1. CONCLUSIONS
The computer solution of HF systems problems based on estabs=

lished manual methods is efficient and practical.

The radio systems engineer may with this basic tool check pre=
dictions against operational data to update the prediction scheme and
to test new prediction parameters with little effort. .

The routine is based on average monthly values; therefore, it is

most useful in systems problems such as allocation of frequencies and
circuit design. Use of the relative values produced by the prediction
scheme are no doubt more important to the communication engineer
than are absolute values. The routine is most valuable for the exper-
ienced engineer with an adequate knowledge of the shortcomings, as

well as the usefulness of such a prediction scheme. '
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